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The introduction part of the thesis contains a short review of the 
chemistry of flavonoids and highlights the recent advances in the spectral 
techniques applied to their isolation and characterisation. 
The discussion and experimental portions are based on the isolation 
and identification of natural products, mainly chalcones, flavones, 
flavanones, O-glycosyl and C-glycosyl from the leaves/flowers of the 
following plants : 
1. Garcinia nervosa (Clausiaceae) 
2. Alstonia macrophylla (Apocynaceae) 
3. Bridelia monoica (Euphorbiaceae) 
4. Viburnum grandiflolium (Caprifoliaceae) 
5. Saussurea sacra (Compositae) 
Mainly the spectroscopic techniques UV, IR, 'H-NMR, "C-NMR 
and mass have been used in the identification and structure elucidation 
of the products isolated from the above cited plants. 
In total nineteen constituents have been isolated from five plants 
out of which three flavonoids are being reported for the first time to the 
best of our knowledge. 
Chemical const i tuents from the leaves of Garcinia nervosa 
(Clausiaceae) : 
The air dried powdered leaves procured from Zaria (Nigeria) after 
being defatted with hot petroleum ether (40-60°), were extracted 
exhaustively with EtOH. The residue left behind, after removal of the 
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solvent was extensively refluxed with chloroform. The concentrate 
showed a complex mixture of four compounds on TLC examination 
though different solvent systems viz. (benzene : chloroform, 5 : 1 ; 
chloroform : ethyl acetate, 5 : 2, toluene : ethyl formate:formic acid, 5 
: 4 . 1; benzene : pyridine : formic acid, 36 . 9 : 5). The resolution of this 
concentrate into individual compounds was, therefore, made through 
column chromatography over silica gel using benzene-chloroform as 
eluvent in different ratios (9:1-1:1). The compounds obtained after 
crystallisation from suitable solvents were identified as : 
Gn-1 : 5'-Bromo-2'-hdroxy-4, 4', 6'-trimethoxy chalcone 
Gn-2 : Isoliquiritigenin-4, 4'-dimethyl ether 
Gn-3 : 2'-Hydroxy-3, 4, 4', 6'-tetramethoxy dihydrochalcone 
Gn-4 : 1, 8-Dihydroxy-2, 3, 6-trimethoxy xanthone 
Chemical investigations of the leaves of Alstonia macrophylla 
(Apocynaceae) ; 
The leaves of Alstonia macrophylla collected from the campus of 
Aligarh Muslim University, Aligarh (India) were extracted extensively 
with EtOH. The dark viscous matter left behind after evaporation of the 
solvent was extracted several times with petroleum ether followed by 
benzene, ethyl acetate, acetone and finally with methanol. Benzene and 
petrol extracts revealed the similar behaviour on TLC plates, therefore, 
mixed together. The combined concentrate was subjected to column 
chromatography over silica gel. The petrol-benzene mixture (1:1) 
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afforded a compound Am-1, while the benzene eluate gave Am-2. 
Ethyl acetate , acetone and methanol concentrates on TLC 
examination in solvent systems viz EtOAc : EtMeCO : AcOH : H20 (20 : 
3 : 1 : 1 , 5 : 3 : 1 : 1), EtOAc : MeOH : H20 ( 8 : 1 : 1 ) , revealed the 
presence of two more compounds with marked differences in their Rf 
values, therefore, mixed together. The mixture was separated by 
preparative TLC using ethyl acetate-methanol-water (8 : 1 : 1) as the 
solvent system. The compounds obtained were marked as Am-3 and 
Am-4. Chemical and spectral data were used to elucidate the structure of 
the above four compounds and characterised as : 
Am-1 : 3, 7, 15, 19, 23-Pentamethyl tetra cos-6-en-5-ol-13-on --11-
oic acid 
Am-2 : Semimoronic acid 
Am-3 : Vitexin 
Am-4 : Myricetin-3'-rhamnoside-3-0-galactoside 
Constituents from the leaves of Bridelia monoica (Euphorbiaceae) : 
Fresh leaves of Bridelia monoica procured from Bihar (India) 
were throughly extracted with different organic solvents. The MeOH 
extract was concentrated and subjected to column chromatography over 
silica gel. Elution of the column with benzene afforded, pure compund 
Bm-1. Further elution of the column with ethyl acetate-acetone (9:1-
1:9) yielded a yellow solid which on TLC examination revealed the 
presence of two more compounds. They were separated by PTLC using 
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(EtOAc : MeOH : H20, 8 : 1 : 1) as solvent system. The compounds 
obtained were marked as Bm-2 and Bm-3 respectively. 
Bm-1 : Dimethyl terephthalate 
Bm-2 : Tamarixetin-3-O-arabinoside 
Bm-3 : Naringenin-7-O-a-L-rhamnosyl ( l - » 4) rhamnoside 
Flavonoidic constituents from the leaves of Viburnum grandifolium 
(Caprifoliaceae) : 
Viburnum gradifolium leaves obtained from Kashmir were 
powdered and extracted extensively by refluxing with MeOH after 
defatting with petrol. The extract on concentration yielded a brown 
-gummy mass which after TLC examination via different solvent systems 
was subjected to column chromatography over silica gel. Elution of the 
column with benzene-ethyl acetate (9:1-1:1) afforded a mixture of three 
compounds which was resolved into individual members through PTLC 
using toluene : ethyl formate : formic acid (TEF, 5 : 4 : 1) as solvent 
system. They were labelled as Vg-1, Vg-2 and Vg-3 respectively. 
Further elution of the column with ethyl acetate-methanol (9:1-7:3) 
revealed the presence of two compounds which were marked as Vg-4 and 
Vg-5 after their separation by PTLC (EtOAc : EtMeCO : AcOH : H20, 5 
: 3 :1 : !). 
The compounds Vg-1, Vg-2, Vg-3, Vg-4 and Vg-5 were identified 
by using derivatisations and spectral analysis as : 
Vg-1 : Isorhamnetin 
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Vg-2 : Rhamnetin 
Vg-3 : Quercetin 
Vg-4 : Quercetin-3-O-rhamnoside 
Vg-5 : Apigenin-7-O-neohesperidoside 
Phenolic const i tuents from the f lowers of Sausurrea sacra 
(Compositae) ; 
Air dried powdered folowers procured from the Kashmir valley 
were extensively refluxed with MeOH. The extract after concentration 
at atmospheric pressure followed by reduced pressure over water bath 
yielded a viscous mass which was successively extracted with petroleum 
ether, benzene, ethyl acetate and acetone. The ethyl acetate and acetone 
concentrates on TLC examinations through different solvent systems viz 
benzene : pyridine : formic acid, 36 : 9 : 5 ; toluene : pyridine : acetic 
acid, 10 : 1 : 1; ethyl acetate : ethyl methyl ketone : acetic acid : water, 
(20 : 3 : 1 : 1) showed the presence of three compounds with same Rf 
values, hence, mixed together and subjected to column chromatography. 
Elution of the column with benzene and benzene-ethyl acetate (9:1-1:1) 
yielded two compounds Ss-1 and Ss-2. Further elution of the column 
with ethyl acetate-acetone (9:1) afforded another compound Ss-3, which 
was purified by PTLC using the solvent system (EtOAc : EtMeCO : AcOH 
: H20, 20 : 3 : 1 : 1). 
The three compounds thus obtained were characterised as : 
Ss-1 : p-Hydroxy acetophenone 
Ss-2 : 3-Methoxy kaempferol 
Ss-3 : Acacetin-7-neohesperidoside 
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CHAPTER-I 
INTRODUCTION 
# 
Plants not only provided man food and fabric but also cured him from 
several diseases. Medication by herbs was the sole way against a lot of 
diseases. The early medicines of Pharaons (3.000 B.C.), the Greek (400 B.C.. 
Hippocratics), the Roman (37 B.C., Disoscorides) as well as those of middle 
ages examplified by the Arab Physicians (Avicenna 980-1037, Rhazes 865-
925) relied mainly on plants for therapy. In recent days attention is re-directed 
towards the plant drugs for less side effect troubles. Every year a very large 
number of natural products are screened for their chemicahtherapeutic, 
biological and industrial potentials. 
Flavonoids, one of the most numerous and wide spread group of the 
natural products, are important to man not only because they contribute plant 
colours, but also because many members (e.g. coumestrol, phlorizidin. 
rotenone) are physiologically active. They are universally distributed among 
vascular plants and found practically in all parts of plants. Gabor' has 
f 
r 
reviewed trends in research on the pharmacodynamic effects oil flavonoids, 
mostly rutin and its derivatives. With the extensive screening programmes of 
plant products for anti-cancer drugs,26 it is not surprising that claims have 
been made that flavonoids may contribute to or be effective in combating 
certain type of cancer7. Numerous other physiological and biological activities 
have been attributed to them8"22. 
In addition to their medicinal activity, natural products have attracted 
attention of taxonomists for phytogenetic studieSjalso. Flavonoids and 
terpenoids have been used as taxonomic markers in several cases. Since 1962. 
most plant surveyors in taxonomically groups have included flavonoid studies 
and indeed these pigments now occupy a pre-eminent position as the most 
favoured of all plant constituents as taxonomic markers". 
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A recent survey of literature shows that the flavonoids field is still very 
popular with the chemists, and their interest is increasing in isolating new 
flavonoids. A large number of naturally occurring new and novel flavonoids 
are added to the literature every year. Few of them are listed as: 
1. C-Methylflavone : 
Udcim kokpol et al.24 have isolated a new C-methylflavone, 5, 2'-
diyhydroxy-7-methoxy-6,8-dimethylflavone (1) from the whole plant 
Trianthema portulacastrum. 
OH ° 
( I ) 
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2. Isoflavanones : 
Yoshiaki Shirataki et al.25 have reported the presence of three new 
isoflavanones (Ila-b, III) from the roots of Sopjiora secundiflora They have 
been identified as secundiflorol D (5'-a, a-dimethylallyl-7, 2', 3'-trihydroxy-
4'-methoxyisoflavanone), secundiflorol E (5-a, a-dimethylallyl-5.7,3'-
trihydroxy-2',4'-dimethoxyisoflavanone), secundiflorol F [(3R)-2\ y-y-
dimethylallyl-7,3',-dihydroxy-4'-methoxy isoflavanone] respectively. 
( r i ) 
a : R i = H , ! ^ = H 
b : R j = OH,R2 = Me 
OMe 
3. Biflavonoids : 
Munekazu Iinuma et al.2<1 have reported the presence of three new and 
unusual biflavanoids (IVa-c) from the plant Pentagramma triangularis. 
They have been characterised as (a) 8- [2, 4 - dihydroxy-6-methoxy-5-
methyl-3- {l-oxo-3- (4-hydroxyphenylpropyl)} phenyl] methylene -3. 
4 
5,7trihydroxy-2- (4-methoxyphenyl)-4H-l-benzopyran-4-one;? (b) 8-[2,4-
dihydroxy-6- methoxy-5-methyl-3-{ l-oxo-3-(4-hydroxyphenylpropyl)} phenyl] 
methyl ene-5,7-dihydroxy-3-methoxy-2-(4-methoxy phenyl )-4H-1-benzopyTan-4-one^ 
(c) 8 - [ 2 , 4 - d i h y d r o x y - 6 - m e t h o x y - 5 - m e t h y l - 3 - { l - o x o - 3 - ( 4 -
hydroxyphenylpropyl)} phenyl] methylene-5,7-dihydroxy-3-methoxy -2-
phenyl -4H-l-benzopyran-4-one. 
OH O 
MeO 
a : R* = H , R ? = OMe 
b : Ri = M e , R 2 = OMe 
c : R x = M e , R 2 = H 
OH O ( IV ) 
4. Flavone glycosides : 
Yong Liu et al.27 have isolated two new falvone glycosides, nevadensin 
5-0-p-D-glucoside and nevadensin 5-O-P-D-glucosyl (l->6) P-D-glucoside 
(Va-b) from the aerial parts of Lysionotus pauciflorus. 
OMe 
a : R = 
b : R = 
5 
5. Flavanone 
Huang Hao et al.2x have reported a new flavanone from the whole dried 
plant of Isodon oresbius. They have identified it as 6,7, 8-trihydroxy-5-
methoxyflavanone (VI). 
OMe O 
( V I ) 1 *. R = H 
l a : R = Me 
6. Polyoxveenated flavone : 
Takeshi Kinoshita et af.29 have reported the isolation of a new 
polyoxygenated flavone from the leaves of the plant Murrava panicuiata. 
The new compound was characterised as 5,3\5 '- tr ihydroxy-6.7,4 
(tn)nethoxyflavone (VII). 
,? 
OH 
OMe 
OH 
( V I I ) 
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7. Flavonoidic glycosides ; 
Aqil Mohammed30 has reported two new flavonoidic glycosides, 
identified as a) africantum 4'-0-galactoside (VIII) and veronicafolin 3-0-gal-
glucoside (IX) from the plant, Eupatorium africanum. 
MeO 
MeO 
OH 
OMe 
MeO 
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8. Isoflavone glycoside : 
Ramesh, P. and Yuvarajan, C.R.lT, have isolated a new isoflavone 
glycoside from the leaves of Dalbergia coromandeliana. The glycoside is 
designated as coromandelin (prunetin 4'-0-apiosyl-l ( l->6) glucoside (X). 
(X) 
9. Prenylated isoflavone : 
' DuBios, Jennifer L.. Snedenv AUiext^_Xi2, have characterised a new 
prenylated isoflavone from the plant Swartzia polvphylla. The compound is 
designated as dihydrolicoisoflavone (XI). 
8 
Isoprenoid dihydrochalcones : 
10. Orjala, J., Wright et a l . " have isolated two new isoprenoid 
dihydrochalones from the leaves of Piper adunucum. The chalcones 
are identified as piperaduncin A (XII) and piperaduncin B (XIII) 
MeOOC 
COOMe 
OH O 
(XIII ) 
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Tanaka, T.,etal.34 have reported two novel Isoprenoid dihydrochal cones 
from root barks of Pongamia pinnata. These are designated as . (a) 
Ponganone viii/and (b) Ponganone ix/. 
OMe O 
(XIV) 
OMe O (XV) 
Hano, Y., et al.35 have isolated two novel isoprenylated dihydrochal cones 
from root barks of Antiaris toxicaria. The chalcones are identified as 
a-
Vv C \ . 
antiarone K $C J.(XVI a,b) 
HcrT 
(XVI) 
a : Rx =H,R2=R3=Me 
b : Rj = 3 , 3 - ( D ^ ) , R 2 = M e , R 3 = H 
V 
10 
Isoprenoid chalcones : 
13. Lin, Y.L., et al.16 have reported a new novel isoprenoid chalcone from 
the roots of Derris laxifolia The compound is named asderrichalcone 
(XVII). 
OH O ( X V I I ) 
14. Venkata Rao, E and Rajendra Prasad, Y.,37 have reported a novel 
chalcone designated as spinochalcone B from the roots of Tephrosia 
spinosa (XVIII). 
OH O 
( X V I I I ) 
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Some naturally occuring bromo compounds reputed for a wide range of 
biological activities like anti-tumour42, anti-viral™19, anti-fungal42, anti-
microbial39 40 activities are listed as : 
15. Bis (indole) alkaloid . 
Army E. Wright et al.3* have isolated a new bis (indole) alkaloid from 
the marine sponge of the genus Spongosorities. The alkaloid has been called 
as dragmacidin d. (XIX). 
(XIX) 
16. Bromopyrrole metabolites : 
Paul A. Keifer et al.39 have reported the presence of new bromopyrrole 
metabolites from the sponge Agebs conifera. They have been identified as. 
XX (a) Debromosceptrin acetate 
(b) Dibromosceptrin acetate 
(c) Debromooxysceptrin acetate 
(d) Oxysceptrin acetate 
XXI (a') Ageliferin acetate 
(b') Bromoageliferin acetate 
(c') Dibromoageliferin acetate 
12 
HOAc 
HOAc 
HOAc 
HOAc 
NH 2 
X 
xz^\„/— ^ r-H H x—<:H 
\J/ H H ^H H 
(XXI) , 
x 1 x2 
3 4 XJ X Y 
a: Br H H Br HOAc 
b: Br Br H Br HOAc 
c: Br Br Br Br HOAc 
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17. Novel Indole alkaloids : 
Steven C. Bobzin and D. John Faulkner40 have isolated two novel 
alkaloids, chelonin B (XXII) and bromochelonin B (XXIII) from the marine 
sponge Chelonaplysilla sp. 
OMe 
18. Imidazolinyl Indole alkaloid : 
Hao H. Sun andShinichi Sakemi41 have reported the presence of a novel 
brominated (aminoimidazolinyl) indole alkaloid from the sponge Discodermia 
polydiscus. The alkaloid is designated as discodermindole (XXIV). 
14 
19. Imidazoledivlbis (indole) alkaloids : 
Shinichi Sakemi and Hao H. Sun42 have reported the presence of three 
imidazolediylbis(indole) alkaloids from Snoneosorites ruetzleri. The 
alkaloids are designated as : 
a) Nortopsentins A [3,3'-imidazole-2, 4-diylbis (6-bromoindole)] 
b) Nortopsentins B [6-bromo-3 (4-indole-3-ylimidazole-2-yl) indole,2] 
c) Nortopsentins C [6-bromo-3 (2-indole-3-ylimidazol-4-yl) indole, 3] 
(XXV) 
a : xl =
 x
2
 = Br 
b : x = Br, X = H 
Cs x 1
 = H , j^^Br 
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In the present study, we have tried to carry out systematic chemical 
investigations of some important medicinal plants with a view to characterise 
their chemicaj components preferably flavonoids, which could be the starting 
point for chemists who are mainly concerned with pharmacological and 
clinical aspects of these herbal drugs. 
Since mainly the spectroscopic techniques, UV,IR,'H-NMR,nC-NMR 
and Mass have been used in the identification and structure elucidation of the 
products isolated from different plants during the course of this work, a short 
review of each technique has been briefly discussed : 
1. Infra-Red/Spectroscopy : 
The IR spectrum, in practice, plays an important role and offers the first 
clue to the nature of the compound. It provides a valuable information of 
functional groups in a molecule. In the case of flavonoids, IR measurements 
are helpful in providing evidence for the presence of (a) pyrone ring (b) 
chelated hydroxyl groups and (c) the gem dimethyl grouping of ^m C-5 
substitutions, if present. The substitution pattern of the benzene ring can be 
inferred from bands in the 690-800 cm1 region. Such evidence is helpful in 
distinguishing between flavonoids and coumarins. IR spectroscopy has 
mostly been used to adduce corroborative evidence. The > C=0 regions of 
the IR spectra of flavonoids show a number of bands, the most prominent of 
which is usually assigned to > 0 0 stretching. /TTTTsTegion has also beenjhe 
The IR spectra of flavones show the carboxyl band at 1660 cm"1 ^t) 
(Aromatic >C=0, 1670 cm1) owing to the conjugation with olefinic double 
bond. Introduction of a hydroxyl group at 5-position does not alter the band 
position appreciably. Luteolin and apigenin show the carbonyl bands at 1655 
and 1600 cnv1 respectivelyrV c 
x'"" The IR spectrum of flavanone shows the carbonyl absorption at 1680 
cm1, the standard value for aromatic ketones/The shifts of carbonyl band to 
1620 cm"1 in 5-OH flavanone is largely due to electron donation by the 
orthohydroxyl group, coupled with chelation. Consequently, methylation of 
the 5-OH produces only a small hypsochromic shift of 10 cm1. A similar shift 
towards long wave length of 4'-substituted flavone is however, attributed to 
intermolecular hydrogen bonding46. The IR spectra of isoflavones are similar 
to those of flavones. Another interesting feature of the IR spectra of flavone 
is that the carbonyl frequency is independent of the substitution pattern in ring 
A & B and is effected only by the introduction of a hydroxyl at 3-position. 
Looker JbC Hanneman47 attributed this to the predominent contribution of 
mesomeric(sfrpl, II & III. 
in 
o-
( I I I ) 
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The existence of chelation is, however, clearly demonstrated by the 
absence of the hydroxyl bands at the usual position in 5-hydroxy compounds. 
Apparently it/C6mestolie^n the - OH stretching region and is thus obliterated. 
2. Ultra-Violet jSpectroscopy : 
UV spectroscopy has become a major technique for the structure 
analysis of flavonoids for two main reasons. The first is that only a small 
quantity of pure material is required. The second reason is that the structural 
information obtained about flavonoid from UV is considerably enhanced by 
the use of specific reagents which react with one or more functional groups on 
the flavonoid nucleus. The addition of these reagents separately to an 
alcoholic solution of the flavonoid induce structurally significant shifts in the 
UV spectrum. The commonly used shifts reagents48, are sodium methoxide 
(NaOMe), sodium acetate (NaOAc). sodium acetate/boric acid (NaOAc/ 
H.T30.,), aluminum chloride (A1C13) and aluminum chloride/hydrochloric acid 
(AlCyHCl). 
The UV spectra of most flavonoids consist of two major absorption 
maxima, one of whi,ch occwrs in the range 240-285 nm (band II) associated 
with A ring (benzoyl jsy stem (IV) and second higher wave length (band 1). 
occurs in the range of 320-380 nm associated with B-ring cinnamoyl absorption 
(vr 
( I V ) ( V ) 
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Substitution in B-ring specially at 4' stablises, the cinnamoyl 
chromophore resulting in a bathochromic shift of band I whereas, substitution 
in A-ring has a similar effect on the position of band II. The presence of a free 
hydroxy! group at C-5 and C-3 positions is established by measuring the 
spectra in the presence of A1C1348. Compounds having a free 5-hydroxyl group 
absorb at higher wave length and methylation of this hydroxyl group brings 
about a hypsochromic shift or 1-15 nm of both bands. The hydroxyl groups 
at C-7 and 4' positions are more acidic than others and their occurence is 
established by bathochromic shifts of band I & band II on the addition of 
fused sodium acetate48. The presence of hydroxyl group at 4' position is also 
confirmed by a large bathochromic shift in band I without a decrease in 
intensity on the addition of sodium methoxide48. The presence of ortho-
dihydroxy group^in ringM. and pj*£g B(rs)identified by a bathochromic shift in 
band I in the presence of A1C13/HC1 & sodium acetate/boric acid.respectively. 
In flavanones and isoflavones, due to the absence of cinnamoyl 
chromophore the high wave length band is either totally absent or present only 
as an inflection. Thus it is difficult to distinguish between flavanones and 
UV' 
isoflavones with the help of UV spectrum alone. The u+tra-vielet spectra of 
biflavonoids are very similar to those of monoflavonoids with the only 
difference that the molecular extinction coefficient (8 ) of the biflavone is 
approximately double as compared to the corresponding moncTflavonoids. 
This demonstrates the presence of two isolated chromophores of flavonoids 
per molecule of biflavonoids. 
19 
UlNuclear Magnetic Resonance CH-NMR) Spectroscopy: 
Since flavonoid^ compfTtfn'ds contain, in general, very few protons, 
nuclear magnetic resonance spectroscopy/is a useful tool in the structural 
elucidation of this class of compounds. By the use of NMR studies of silyl 
derivatives50, double irradiation techniques518, solvent induced shift 
studies5,b"" and lanthanide induced shift studies54 (LIS), one can camerto the 
structure of flavonoids whithout tedious and time consuming chemical 
degradation and synthesis. 
The valuable contributions in the field have been made by Batterham & 
Highet55, Mabry56, Massicot570h. Clark-Lewis58, Kawano5459, Pelter & 
Rahman6"62. These studies have simplified the task of determining the 
substitution pattern of flavonoids with the help of spe^tf^s-eepy. The most 
commonly occurring hydroxylation pattern in natural flavonoids is 4'.5. 7-
trihydroxy system (VI). 
( V I ) 
A number of workers48 have preferred to use the TMSi ether derivatives 
of flavonoids with CC14 as solvent. The trimethylsilyl ether derivatives can be 
conveniently prepared by treatment of the compound with hexamethyi 
disilazane and trimethylsilyl chloride in pyridine and the spectrum is then 
measured in CC14 with TMSi as external reference. The njesf important 
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advantages that this system offer are (i) all hydroxyl flavonoids and their 
glycosides may be derivatised and rendered CC14 soluble (ii) there are no 
interferring signals and no deuterated solvent is required (iii) the sample is 
readily recovered by treatment with aqueous methanol (iv) partial trimethyl 
silylation can yield information about C-3, 6, 8 substitution and (v) TMSi 
ethers are readily converted into acetate or methyl ethers48. 
NMR signals in trimethyl silylated flavonoids normally occur between 
0 and 9 ppm. The chemical shifts of the protons of ring A & B prove to be 
independent of each other but are affected by the nature of ring C. 
A-ring protons : 
The peaks arising from ring A protons in most flavonoids occur upfield 
from those of B ring protons, and are readily recognised. There are different 
types of substitution in the ring A among the flavonoids. 
(i) H-5, H-6 and H-8 signals in 7-oxygenated flavonoids ; 
The additional C-5 proton in these compounds is strongly deshielded by 
the 4-keto group and its signal appears at a very low field (8 8.0 ppm). It 
appears as a doublet (J=9Hz) due to ortho coupling with H-6. The signals for 
H-6, a quartet (q. J = 9Hz and 2.5 Hz) and for H-8. a doublet (d, J = 2.5 Hz) 
occur at lower field than in the 5, 7-dihydroxy flavonoids and may even 
reverse their positions relative to one another. 
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(ii) H-6 and H-8 signals in 5,7-dioxygenated flavonoids : 
The two A ring protons, H-6 and H-8 give rise to two doublets (J=2.5 
Hz) in the range 8 5.7-6.9 in flavones, flavonols, and isoflavones. The H-8 
doublet occurs consistently downfield than the signal for the H-6. H-8 and 
H-6 doublets are also clearly distinguished from each other by their widely 
different paramagnetic induced shifts. Depending upon the nature of the 
substituents. the chemical shifts may vary accordingly. For instance when a 
sugar is attached to the oxygen at C-7, the signal for both H-6 and H-8 are 
shifted downfield. 
(iii) H-6/H-8 signals in 5,7,8/5,6,7-trisubstituted flavonoids : 
NMR provides the requisite information for differentiating 6 or 8 
substituted isomers of 5,7,8/5,6.7-trisubstituted flavonoids with a high degree 
of surety. Horowitz & Gentili63 were able to^fix up)the structure for the two 
isomers of vitexin. viz. vitexin and isovitexin. The H-6 proton signal appears 
at about 8 0.2-0.3 ppm upfield than H-8 signal. 
B-ring protons : 
AllB-ring protons appear around 8 6.7-7.9 ppm, aregion separate from 
the usual A-ring protons. The signals from the aromatic protons of an 
unsubstituted B-ring in a flavone appear as a broad peak centered at about 
8 7.45. The presence of C-ring double bond causes a shift of 2', 6'-protons and 
the spectrum shows two broad peaks, one centered at « 8 8.00 (2*,6*) and the 
other at « 8 7.6 (3\4',5')54. The presence of substitution in one or more 
positions causes a change. 
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(i) H-2',6' & H-3\5 ' signals in ^-oxygenated flavonoids : 
With the introduction of 4'-hydroxyl group, the B-ring protons appear 
effectively as a typical four peaks pattern of two doublets called A, B2 pattern 
(J=8 Hz, each). The H-3' and H-5' doublet always occurs upfield from the 
H-2', 6' doublet due to shielding effect of the oxygen substituents and to the 
deshielding influence of C-ring functions on H-2'and H-6'. The position of 
H-2' and H-6' signal depends to some extent on the oxidation level of ring C. 
(ii) H-2', H-5' and H-6' signals in 3', 4'-dioxygenated flavonoids : 
The NMR spectrum of 3',4'-dioxygenated flavonoids is a bit complex 
and gives the normal ABX pattern. The H-5' proton in flavones and flavonols 
in such system appears as a doublet centered between 5 6.7 and 7.1 (J=8 Hz) 
and the H-2' and H-6' signals, which often overlap, usually between 5 7.2 
and 7.9. 
(iii) H-2' and H-6' signals in 3',4',5'- trioxvgenated flavonoids : 
In 3', 4', 5'-trihydroxylated flavonoids H-2' and H-6' are equivalent and 
appear as a two protons singlet in the range 5 6.5-7.5. Methylation shifts the 
signal to downfield by about 1 ppm when the compound is analysed in 
DMSO-d. 
6 
(iv) H-2 and H-3 signals in flavanones and flavanonols : 
The spectra of flavanones (saturated heterocylic ring) contain typical 
ABX pattern multiplets arising from the C-2 proton and the two C-3 protons. 
The C-2 proton is splitted by the C-3 protons into a quartet (J, = 5 Hz, 
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J = 11 Hz. double doublet) and occurs near 5 5.2 ppm, the precise position 
tram 
depending on the substitution of ring B. The two C-3 protons occur as two 
quartets (J
 H ,b = 17 Hz) at 5 3.0. However, they often occur as two doublets, 
since two signals of each quartet are of low intensity. 
The C-2 proton in dihydroflavonols appears near 5 4.9 as a doublet 
(J=l 1 Hz) coupled to the C-3 proton which comes at about 6 4.2 as doublet64. 
Hydroxy protons : 
The position of hydroxy] groups in flavonoids can not be detected by 
NMR spectra of their trimethylsilylated derivatives and-thus e a n ^ e used for 
thek detection. The NMR spectra of parent compound in DMSO-d6. however, 
can give good information for the detection of phenolic hydroxyl protons. The 
hydroxyl protons of 3,5,7-trihydroxylflavone occur at 8 12.40 ppm (5-OH). 
10.93 ppm (7-OH) and 9.70 ppm (3-OH)48. 
Sugar protons : 
The sugar protons in the flavone glycosides are denoted as C-l". C-2" 
protons and so on. while as the protons of the terminal sugar in disaccharides 
are designated as C-l"', C-2'" protons and so on. In the PMR spectra of TMS 
derivatives of the glycosides, the non anomeric protons resonate between 5 
2.9-4.3, while the anomeric protons resonate between 8 4.3-5.8. The axial 
anomeric protons are observed between 8 4.3-5.0 and the equatorial anomeric 
protons between 8 4.7-5.8. 
The chemical shift of the C-l" protons of the sugar directly attached to 
the flavonoids hydroxyl group depends both on the nature of the flavonoid and 
24 
on the position and stereochemistry of the attachment of it. For instance, in 
flavone glycosides with sugar on either C-5, C-7 or C-4\ the C-l" proton 
signal appears near 5 5.0, while in flavonols 3-0-glycosides the C-l" proton 
signal appears much more downfield i.e. at about 5 5.8. The coupling constant 
of C-l" proton with C-2" proton in (3-linked glycosides is about 7Hz4*, due 
to diaxial coupling. In the naturally occurring a-linked rhamnosides, the 
diequitorial coupling between H-l" andH-2" gives rise to a coupling constant 
of only 2Hz65. The rhamnose C-methyl appears as a doublet (J=6.5 Hz) or a 
multiplet in the region 8 0.8-1.2. 
In flavonoid diglycosides. the C-l'", proton of the terminal sugar 
(H-l'") being relatively remote from the flavonoid nucleus, resonates upfield 
from H-l". The extent, however, can vary depending upon the position of 
attachment of terminal sugar6". Methylated49 and acetyl ated4966"67 derivatives 
have also been used for disaccharide linkage determination. 
Acetoxyl and Methoxvl protons : 
In the NMR spectra of acetylated flavonoids (CDC1.,), the position of 
methyl signals of acetyl groups can also give useful information about the 
position of acetyl groups by which the position of the hydroxyl groups can be 
confirmed. The methyl signals of 4'and-7-0-acetyl group appear in the range 
of 8 2.30-2.35 ppm. While the methyl signal of a 5-0-acetyl group appears 
at about 2.45 ppm. The aliphatic acetoxyl signals of sugars generally appear 
in the range of 8 1.65-2.10 ppm. The position of the aliphatic acetoxyl groups 
of sugars also help in the location of sugar moiety in C-glycoxyl flavonoids4". 
Within the aliphatic acetoxyl group signals, the 2"-0-acetyl signal appears at 
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51.70-1.75 ppm in 8-C-glycosylflavonoids and 5 1.80-1.83 ppm in 6-C-
glycosylflavonoids and 6"-0-acetyl signal in 8-C-glycoxyl flavonoids appears 
at 5 1.90-1.95 ppm. while in 6-C-glycosylflavonoids it appears between 5 
1.98-2.04 ppm. Methoxyl protons signals4*07", with few exceptions appear in 
the range of 5 3.5-4.1 ppm. 
26 
44} "C-NMR Spectroscopy : 
nC-NMR spectroscopy has been used in natural product chemistry in 
variety of ways at various stages of the structure determination. nC-NMR 
spectral data furnish key informations such as the number of carbon atoms and 
establish if they are primary, secondary, tertiary, aromatic, olefinic or part of 
functional groups. 
The ,JC-NMR spectra of flavonoids and their glycosides6877 are of 
s^ ofne interest in the context of compounds isolated during the course of this 
work. The spectra can be analysed by reference to those of simple compounds 
such as acetophenones6*"69 and cinnamic acids69 which possess structural 
features characteristic of flavonoids. 
,7 It is worthwhile to see how introduction of oxygen at various positions 
of ^hesey effects the chemical shifts. In hydroxy acetophenone (VII) the 
nuclear carbon linked directly to oxygen of hydroxyl group gives rise to a 
singlet at 161.5 ppm and the two adjacent carbons to the two singlets at 118.0 
ppm. The carbon para to the carbonyl is the most deshielded and its singlet 
appears at 135.5 ppm. In 2,6-dihydroxy acetophenone (VIII) the carbon 
bonded directly to oxygen give rise to singlet at 161.4 ppm and the two 
adjacent carbons produce singlets at 106.4 ppm. The meta carbon which is 
para to the acetyl group is deshielded and its singlet appears at 134.0 ppm. 
(VII) (VIII) 
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Thus, chemical shifts correlate to those for protons on these carbons, 
the protons ortho and para to hydroxy 1 being shielded more than the one at 
meta positions and protons para and ortho to carbonyl being the ones most 
exposed to the deshielding influence of the carbonyl group. In 2,4,6-
trihydroxy acetophenone (IX) the oxygenated nuclear carbon show singlets at 
165.10 ppm while in dihydroxy acetophenone it is 161.4 ppm. This slight 
deshielding of 3.60 ppm can be attributed to the hydroxyl group at meta 
position i.e., the 4-hydroxy in (X). The unsubstituted carbons 3 & 5 are 
shielded due to enhanced mesomeric effect and their signals appear at 94.5 
ppm. These effects can be assumed to be general and are relied upon in making 
assignments in flavonoid spectra. The other structural unit of flavonoids is 
akin to cinnamic acid and the 13C-NMR chemical shifts of cinamic acid 
derivaties are, therefore, of interest. The chemical shifts of the parent 
compound, mono-, di-, trisubstituted cinnamic acids are indicated in 
the structure (XI, XII, XIII, XIV). 
1 2 8
-
5
 129.0 131-7 117.26 
(XII) 
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O b 
112.28* 
127.39 ' Cl49.ll 
170.6 
170.59 
The 3,4 type of substitution is the one most commonly encountered in 
flavones and chemical shifts of carbon 3 and 4 of 3-methoxy, 4-hydroxy 
cinnamic acid (XIII) 149.11 and 149.78 ppm respectively are substantially 
different from those of carbons under oxygen in acetophenone. This makes it 
possible to distinguish between oxygenated ring A and ring B carbons of 
flavones. The carbons ortho and para to phenolic hydroxyls are shielded, 
compared to unsubstituted benzene and appear at 112.28 and 116.89 ppm, the 
cinnamic acid double bond causing a further shift of C-2 resonance. Carbon-
1 adjacent to the olefinic double bond of cinnamic acid, is almost at the same 
value as in substituted benzene but different in unsubstituted benzene. The a-
carbon appears at 117.5 ppm and the (3-carbon at 147.1 ppm. In trisubstituted 
benzene (XIV), the carbons under oxygen are further shielded and in 3,5-
dimethoxy, 4-hydroxy cinnamic acid appear at 149.17, 138.79 ppm respectively. 
The carbon under hydroxyl is shielded to a greater extent because of resonance 
contribution from the flanking methoxyl groups. The same type of resonance 
effect is responsible for the shielding of 2 and 6 carbons. 
The chemical shifts of flavones, substituted flavones and isoflavones 
are reproduced68 in the following table. 
29 
C-Chemical shift (in ppm downfield from T.M.S.> 
Carbon Flavone 7-methoxy 5-hydroxy 5,7,3',4'- 7-methoxy 
number flavone flavone tetrahydroxy isoflavone 
flavone 
2 
- > 
j 
4 
5 
6 
7 
8 
9 
10 
V 
2' 
4' 
5' 
6' 
163.2 
107.6 
178.4 
125.2 
125.2 
133.7 
118.1 
156.3 
124.0 
131.8 
126.3 
129.0 
131.6 
129.0 
126.3 
162.6 
107.2 
177.4 
126.7 
114.1 
163.7 
100.2 
157.7 
117.6 
131.6 
125.8 
128.7 
131.1 
-
. 
164.07 
105.61 
182.90 
155.85 
107.22 
135.61 
110.83 
159.82 
110.13 
130.54 
126.39 
128.91 
131.97 
128.91 
126.39 
165.07 
103.94 
182.63 
158.24 
94.90 
164.34 
99.91 
161.56 
104.82 
123.06 
114.38 
145.95 
149.84 
117.05 
120.14 
152.4 
125.1 
175.3 
127.6 
114.6 
163.8 
100.0 
157.7 
118.3 
127.9 
128.2 
128.8 
131.8 
-
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The mass spectra of a wide variety of organic natural products have 
. ._. 'J 
been studied only during last few years". The introduction of (inlet system * 
suitable for volatilisation of high molecular weight (M^, 300-1200) organic 
materials has greatly increased the utility of mass spectrometry. Generally the 
fragmentation lis related to the structure of the intact molecule. Electron 
impact mass spectrometry of both flavonoid aglycones and glycosides serves 
as a valuable aid in determinating their structure, especially when only very 
small quantities (i.e. less than 1 mg) of the compounds are available. It has 
been applied successively to all classes of flavonoid aglycones and recently 
to a number of different types of glycosides78"83. The flavonoid aglycones and 
glycosides have been subjected to GJfcC-Mass spectrometry in the form of 
their permethyl ethers perdeuteriomethyl ethers84"85 and trimethylsilyi 
ethers8';87 
Flavones : 
The most flavonoids yield intense peaks for the molecular ion (M») and 
indeed this is often the base peak. In addition to the molecular ion. flavonoids 
usually afford major peaks for [M-H]+ and. when methoxylated, [M-CHJt 
Perhaps the most useful fragmentation in terms of flavonoid identification are 
those which involve the cleavage of intact A and B-ring fragments. Kingston88 
has discussed in detail the mass spectra of large number of flavones, flavonols 
and their ether derivatives. He has summarised the manner in which 
monoflavones fragment as follows : 
a) Flavones with fewer than four hydroxyl groups do not readily fragment, 
a consequence of the stability of their molecular ion. 
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b) Flavones with fewer than four hydroxyl groups tend to undergo 
decomposition predominantly by way of the retro-Diels-Alder (RDA) 
process8281. This and other common fragmentation processes are 
shown in (Scheme-1) using apigenin (XV)82 as.a typical example 
c) An [M-l]+ ion is often found in the mass spectra of flavones, its origin 
is however, obscure. 
d) The presence of ion (C) (Scheme-1), frequently more intense when a 3-
hydroxy group is present, is attributed to the alternative mode of retro-
Diels-Alder fragmentation as depicted in Scheme-1. 
e) Doubly charged ions are frequently present. 
f) When heavily substituted with hydroxyls and methoxyls, the flavones 
tend to fragment in a less predictable manner, retro-Diels-Alder process 
becomes insignificant and the spectrum is dominated by the molecular 
ion and ions at M-15, M-28 and M-438489. 
Flavanones : 
Flavanones (XVI) typically undergo fragmentation by the RDA reaction 
(path-A and path-B) and yield same ions from path-A as observed for flavones. 
However, the most important B-ring ion from path-A contains an ethylene 
group81. The fragmentation pattern is given in Scheme-2. 
Path-A 
O (XVT) 
a-
J1 
C6° 
c 
Hi 
o 
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Another mode of cleavage that helps to characterise the flavonone is the 
loss of either a hydrogen atom (M-H)\ or an aryl radical at C2 [M-(B-ring)]4 
from the molecular ion to give an even electron fragment. 
OB (XVTI) 
OB (XVTII) 
The presence of a hydroxyl or methoxyl group at 4'-position of ring-B 
facilitates, by enhance resonance stabilization of the resulting fragment ion, 
the formation of p-hydroxy benzyl or p-methoxy benzyl ion89 (XIX) (or their 
equivalent tropylium ion). The p-hydroxy/p-methoxy benzyl ion appears as 
base peak of significant intensity in the mass spectrum of naringenin/its 
methyl ether8179. 
H O - / M \ _ 
n*/Z 107 
a£ 
(XIX) 
In the case of 4'-methoxy flavanone (XX) (Scheme-2), B* ion is the base 
peak while A* and (A,+H) fragments have relative intensities of only 3.5 and 
30% respectively. Other ions from 4'-methoxy flavanone are derived by the 
loss of a hydrogen radical to give the (M-H)* ion and loss of an aryl radical to 
+ 
produce the diagnostic [M- (B-ring)] fragment. Fission of B-ring from the 
remainders of the molecular ion accompanied by a hydrogen transfer leads to 
a moderately intense B-ring ion at m/z 108. 
The mass fragmentation of 3,5,7-trihydroxy-4'-methoxy flavanone (XXI) 
C (Scheme-3) shows the^Aj+H)" ion as base peak rather than B^as base peak, 
although the intensity of B* is 89%. A most important feature in the mass 
spectrum is the presence of A; ion of 100% intensity, formed by the cleavage 
of B-ring accompanied by a hydrogen transfer. 
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Flavonoid glycosides : 
Mass spectrometry has been extensively82,90 used in the structure 
elucidation of flavonoid-O-glycosides as well as flavonoid-C-glycosides. 
Mass spectrometric sequencing of oligosaccharide derivatives has been much 
refined to furnish not only the sequence of sugars involved but also in many 
cases the position of their inter-glycosidic linkage and even information about 
the stereochemistry at the anomeric centre. The mass spectrometric study of 
glycosides can be doffe in two groups: 
(i) Mass spectrometry ^f flavonoid-O-glycosides 
(ii) Mass spectrometry of flavonoid-C-glycosides 
Flavonoid O-glycosides ; 
The position of a sugar residue in a flavonoid aglycone can be easily 
recognised from the mass spectrum of permethylated glycosides91. The sugar 
attached to the position 5 and 3 splits more readily than that at position 7 and 
as a result the molecular ion peak is of very low intensity or totally absent. 
On the other hand 7-O-glycosides usually show an intense molecular 
ion peak amounting to 50% or higher. The 4'- and 3-O-glycosides represent 
an intermediate case, having small but distinct molecular ion peak. 
The sequencing of sugars in flavonoid oligosaccharide derivatives can 
be determined by mass spectrometry. The principal fragmentation pattern of 
perdeuteriomethylated flavonoid disaccharide is illustrated in Scheme-4. 
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D3CO 
CD30 OCD-
OCD. 
(SCHEME-4) 
Fission of the glycosidic carbon-oxygen bond of the terminal sugar 
leads to the ion T which successively loses CD, methanol to give T, and T r 
Rupture of the ethereal carbon oxygen bond between the terminal of second 
sugar gives rise to the sequence ion,S. Fission of the carbon-oxygen bond 
between the sugar and the aglycone is indicated by fragment A. invariably 
formed by transfer of hydrogen and followed by loss of CO. Retention of 
charge on the disaccharide residue after this type of rupture leads to the 
oligosaccharide ion.OS. Peaks due to RDA-cleavage of the flavonoid aglycone 
are small or absent as it is often observed in highly substituted compounds'"*. 
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Sequence of Sugars and position of interglycosdic linkage : 
Information about the terminal sugar is obtained from the difference. 
(M+-S) and from peaks due to ions of T-series. The T-series is more reliable 
induction since the (M+-S) value can be changed by H-transfer or, in the case 
of apiosyl containing compounds, even more complicated reaction. In 
compounds, containing glucose as the second sugar moiety, the OS-Tj rather 
than the (S-A) difference seems to be the more useful for mass identification. 
Differences in hydrogen transfer to some peaks allow prediction of the 
position of interglycosidic linkage. The sequence peak is formed without 
hydrogen transfer (flavonols) or with single hydrogen transfer (flavone. 
flavanone) in the case of 1 ->6 linked flavonoid disaccharide derivatives, while 
transfer of two hydrogens takes place in the case of 1 ->2 linked compounds. 
The aglycone and the oligosaccharide fragments A & OS behave similarly. For 
l->6 linked derivaties, the A+ H and OS peaks are prominent, while A+2H 
and OS+H peaks are observed for 1 ->2 linked compounds. Further (OS-CD.-
Methanol) differentiation is possible by a strong (OS-CD^-Methanol) peaks 
present only in the 1 ->2 linked glycosides, and by the S+62 (flavone, flavanone) 
or S+63 (flavanonols) peak observed only in 1-»6 linked compounds 
(Scneme-5) 
Flavonoid C-glvcosides : 
The direct mass spectral analysis of a C-glycosyl flavones92"94 rarely 
produce an observable molecular ion. the base peak is usually the aglycone 
fragment with only a CH^ group remaining of the original C-glycosyl moiety. 
This ion is established by rearrangement to a tropylium ion. The additional 
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hydrogen is derived from a sugar hydroxyl group95. The other fragments come 
pathway-I and II processes from the base peak ion giving the B+2, B4p Anions. 
Besides these fragments, other fragments corresponding to ion (M-18)+, 
(M-36) \ (M-54)4 are formed by the successive loss of water molecules from 
the molecular ion. 
Mass spectrometry also helps to distinguish 6- and 8-C-glycosylflavones 
as in the case of 6-C-gIucosyl flavone (M-148)4 peak (equivalent to aglycone 
+ CH+2 + H) has 50% to 80% of intensity compared to (M-149)+ peak whereas 
with 8-C-glucosyl flavone (M-148)^ ion is usually only about 25% of the 
intensity of the (M-149)+ peak9596ab 
A characteristics of the spectra of di-C-glycosides is the series of peaks 
related to the sequential loss of six molecules of water from the molecular ion 
compared with only three from mono-C-glycosides96. The mass fragmentation 
of 8-C-gIycosyl-4'-methoxy apigenin (XXII) is given in Scheme-6. 
CD3O 0CD3 
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CHAPTER-II 
GARCINIA NERVOSA 

Chemical constituents from the leaves of 
Garcinia nervosa (Clausiaceae) 
The genus Garcinia comprises 180 species which are evergreen trees or 
shrubs. These species are widely distributed in tropical Asia, Africa and 
Polynesia. Out of these, about 30 species are reported in India1'. 
Garcinia species have been reported for their medicinal properties such 
as anti- inflammatory,lb anti-immuno suppressive and anti-microbial properties2 
and have also been used for healing of skin infections and wounds3. Earlier 
investigations on this plant reported the isolation of nervosaxanthone,4 
flavanoylflavone5 and isoflavones6 (nervosin, irigenin and 7-methyltectorigenin). 
Medicinal importance and scanty work on this plant accelerates our 
interest to carry out the comprehensive investigations of the plant Garcinia 
nervosa The present discussion deals with the isolation and characterisation 
of following compounds from the leaves of Garcinia nervosa. 
1) 5'-Bromo-2'-hydroxy-4,4',6'-trimethoxychalcone,»<r 
2) Isoliquiritigenin-4,4'-dimethylether (2'-hydroxy 4,4'-dime-
thoxychalcone)[->> 
3) 2'-Hydroxy-3, 4,4'-6'-tetramethoxydihydrochalcone 
4) l,8-Dihydroxy-2, 3,6-trimethoxyxanthone£r~~"^ 
A number of halogenated natural products have been reported from 
marine plants only712 However, the occurence of bromochalcone from non-
marine plants is hereby reported for the first time. 
Powdered leaves of G. nervosa (procured from Zaria, Nigeria) after 
being defatted with hot petroleum ether (b.p. 40-60°C) were refluxed with 
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ethanol for eight hours. The process was repeated twice. The combined extract 
was concentrated on a boiling water bath under reduced pressure. The dark 
gummy mass obtained was treated with hot chloroform. The chloroform extract 
was chromatographed over silica gel column using benzene and chloroform in 
different ratios as the eluting mixture. Repeated column chromatography 
followed by fractional crystallisation afforded four crystalline compounds, 
GN-1, GN-2, GN-3 and GN-4. The compound GN-1 was characterised as a 
novel chalcone 5U>romo-2'-hydroxy-4, 4', 6'-trimethoxy^chaIcone (I) while 
GN-2, GN-3 and GN-4 were characterised as isoIiquiritegenin-4, 4'-
dimethylether (II), 2,-hydroxy-3, 4, 4',6'-tetramethoxy dihydro chalcone 
(III) and l,8-dihydroxy-2, 3, 6-trimethoxyxanthone (IV), respectively. 
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GN-1 : 
Crystallised from CHC^-MeOH as yellow shining cystals m.p. 180°C, 
analysed for C H„0,Br . It gave a red colour with cone. H2S04 and orange to red 
colour with aq. NaOH, suggested H4o be a chalcone.1 3 , 4 . It showed molecular 
ion peaks at m/z 392/394. These isotopic peaks with equal intensities indicated 
the presence of bromine in the compound, further confirmed by Beliestein test. 
The IR spectrum (Fig.l) showed characteristic bands at 2949 (br, chelated 
OH), 1684 (C=0) and 1462 (C=C) cm1 . Its UV spectrum (Fig.2, Table 1) 
showed the maximum absorption at 365 nm and minimum absorption at 23 5 nm. 
A batho'"chromic shift of 40 nm with A1C1,/HC1 showed the presence of 2'-
hydroxyl group153 which was further confirmed by the signal at8 13.65 in the 
'H-NMR spectrum (Fig.3) and greenish brown colour with FeCl . 
^ ^ 
In the MH-NMR spectrum (Table-2, Fig.3), the three(independenrsinglets 
(afXhree protons each atS 3.80, 3.86 and 3.94 were assigned to three methoxyl 
groups. A pair of ortho-coupled doublets at 5 6.95 (J=9 Hz) and5 7.65 (J=9 Hz) 
each integrating for two protons were attributed to H-3,5 and H-2,6. A sharp 
one proton singlet at 5 6.4 could be assigned to either H-3' or H-5'. The 
possibility of it to be for H-5' was ruled out as it gave a -ve Gibb's test16 which 
indicated that the carbon para to the hydroxyl is substituted. Thus, bromine is 
placed at ^'-position. It was further supported b \ NOE spectrum (Fig.4) in 
which the solitary proton is interacted only by one methoxyl group which is 
possible only when the proton is at 3'-position. Hence, the bromine is placed 
at 5'-position flanked by two methoxyl groups. Therefore, the singlet at 5 6.4 
was assigned to H-31. The remaining two protons singlet at 5 7.89 was ascribed 
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to a , P-protons of chalcone ,5bI7. It was resolved into two independent doublets 
of one proton each at 8 6.96 (J=l 6 Hz) for H-a and 7.43 (J=l 6 Hz) for H- p in 
its acetate|(lb)(Table-3, Fig. 5). In HMQC spectrum (Fig.6), the singlet at 
8 6.4 for H-3' showed one bond correlation with 8 9.8, while the 8 7 8 signal 
showed two correlations at 5 123 and 8 145, indicating that the singlet at 8 7 8 
has two different C-H overlaping Hence, it exhibited that singlet at 8 7.8 has 
two chalcone a, p-protons, i.e 123 for C- a and 145 for C-P. 
The ,3C-NMR spectrum of GN-1 (Table-4, Fig. 7) showed the downfield 
shift of C-5' at 8 114.59 due to Br, the assignments of other carbons are given 
in Table - 4. 
The above assigned spectrum was further supported by the mass spectrum 
(Fig.8, Scbeme-1) which showed the molecular ion peak at m/z 392/394'. The 
fragment ion at m/z 134 supported the presence of p-methoxy phenyl ring, and 
the R DA cleavage representing ring-A at m/z 256/260 (due to Br) corresponded 
to the loss of p-methoxy phenyl from Mr The other fragments are shown in 
scheme-1 
On the basis of the above discussion, the compound GN-1 was 
characterized as 5'-bromo-2'-hydroxy-4, 4', 6'-trimethoxychalcone (la) 
which is being reported for the first time 
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Table-! 
l?V spectral data of GN-1 with shift reagents 
Reagents X nm 
max. 
MeOH 235, 365 
NaOMe 237, 308 sh, 415 
A1C13 231. 304 sh, 405 
A1C1,-HC1 232, 301 sh, 406 
NaOAc 235, 307 sh, 405 
NaOAc-H^BO, 236, 305, 407 
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Table -2 
'H-NMR spectral data of GN-1 
Assignments No. of Protons Signals 
OMe 
OMe 
OMe 
H-3' 
H-3,5 
H-2,6 
H-a.p 
2'-OH 
^ J 
- > j 
1 
2 
0 
2 
1 
3.80 (s) 
3.86 (s) 
3.94 (s) 
6.40 (s) 
6.95 (d,J=9 Hz) 
7.65 (d, J=9Hz) 
7.89 (s) 
.13.65 (s) 
s = singlet, d = doublet, spectrum run in CDCl, at 400 Hz.. TMSi as internal 
standard, chemical shifts are recorded on 5-scale. 
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Table -3 
'H-NMR spectral data of GNrAc 
Assignments No. of Protons Signals 
OAc 
OMe 
OMe 
OMe 
H-3' 
H-3,5 
H-2,6 
H-a 
H-0 
3 
3 
3 
3 
1 
2 
2 
1 
1 
2.19 (s) 
3.81 (s) 
3 86 (s) 
3.96 (s) 
6.56 (s) 
6.91 (d,J=9 Hz) 
7.51 (d, J=9Hz) 
6.96(d,J=16Hz) 
7.43(d,J=16Hz) 
s = singlet, d = doublet, spectrum run in CDC13 at 400 MHz., TMSi as internal 
standard, chemical shifts are recorded on 5-scale. 
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Table-4 
,3C-NMR chemical shift [5 C values (ppm)] of GN-1 
Carbon No. Assignments 
r 
2' 
3 ' 
4 ' 
5' 
6' 
a 
P 
] 
3,5 
2,6 
4 
0 0 
OCH, 
OCH, 
OCH, 
127.9 
161.96 
97.45 
162.08 
114.59 
165.92 
123.46 
144.43 
129.19 
114.59 
130.45 
159.94 
192.63 
55.44 
56.64 
62.27 
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GN-2: 
It was crystallized from chloroform-methanol as yellow needle shaped 
crystals m p. 123°C, analyzed for C17H1604 It gave a greenish brown colour with 
FeCl3. A red colour with cone. H2S04 and orange to red colour with aq. NaOH 
pointed it to be a chalcone1314 Its IR spectrum showed the characteristic bands 
at 2930 (br, OH), 1670 (C=0), 1465 (C=C) cm1. In UV spectrum it exhibited 
the absorption maxima at 236.4 and 364.8 nm. 
The 'H-NMR spectrum (Table-5) showed a singlet at 5 3 88 integrating 
for six protons, was assigned to two methoxyl groups. A one proton meta-
coupled doublet at 5 6.46 (J=2 5 Hz) was attributed to H-3", while a double 
doublet at 5 6.51 (J=2.5 & 9 Hz) integrating for one proton was corresponded 
to H-5'. A pair of ortho-coupled doublets at 8 6.95 (J=9 Hz) and 7.61 (J=9 Hz) 
integrating for two protons each were assigned to H-3, 5 and H-2,6 The a and 
p-protons of chalcone appeared as doublets at 5 7.49 (J=16 Hz) and 7.89 (J = l 6 
Hz) 
On the basis of the above results, the compound GN-2 was characterised 
as isoliquiritigenin-4,4'- dimethyl ether ,5c18 (II) 
O ( I I ) 
It was further supported by the mass spectrum which showed the molecular 
ion peak at m/z 284. The fragment ions at m/z 269 and 254 corresponding the 
loss of methyl group from molecular ion peak and from the fragment m/z 269. 
The fragment ion at m/z 256 showed the loss of carbonyl group from M" 
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Table -5 
'H-NMR spectral data of GN-2 
Assignments No. of Protons Signals 
2x OMe 
H-3' 
H-5' 
H-3,5 
H-2,6 
H-a 
H-p 
H-6' 
2'-OH 
6 
1 
1 
2 
2 
1 
1 
] 
1 
3.88 (s) 
6.46 (d, J=2.5 Hz) 
6.51 (dd,J=2.5&9Hz) 
6.95 (d, J=9 Hz) 
7.61 (d, J=9 Hz) 
7.49 (d, J=16 Hz) 
7.89(d, J=16 Hz) 
7.81 (d, J=9Hz) 
13.56 (s) 
s = singlet, d = doublet, dd = double doublet, spectrum run in CDCl at 400 
MHz., TMSi as internal standard, chemical shifts are recorded on 5-scale. 
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GN-3 ; 
It was crystallised from chloroform-methanol as yellow cyrstals, m.p. 
132°C, analysed for C19H220( gave a greenish brown colour with FeClv Its IR 
spectrum showed characteristic bands at 3320 (OH) 1690 (C=0), 1465 
(C=C) cm"1. The 'H-NMR spectrum (Table-6) showed two independent 
singlets of 6 protons each at 5 3.83 and 3.87 indicating four methoxyl groups. 
The multiplet in the range of 5 2.80-3.26 integrating for four protons were 
ascribed to CH2-CH2 protons. A pair of meta-coupled doublets at 8 6.09 (J=2.5 
Hz) and 6.20 (J=2.5 Hz) corresponded to H-3' and H-5' protons respectively. A 
broad multiplet at 5 6.78-6.80 integrating for three protons was assigned to H-
2,5 and 6 protons. A sharp singlet at 5 13.50 was attributed to 2'-OH group. Its 
mass pectrum showed molecular ion peak at m/z 346. O^Kv fr HV\A-~-*-, < 
In the light of the above results the compound GN-3 was characterised 
as 2*-hydroxy-3, 4, 4\6'-tetramethoxy dihydrochalcone'9 (III) 
)Me 
MeO^ / \ yOH / 7 \ v _ o M e 
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Table - 6 
'H-NMR spectral data of GN-3 
Assignments No. of Protons 
4 
6 
6 
1 
1 
1 
S igna l s 
2.80 - 3.2b (m) 
3.83 (s) 
3.87 (s) 
6.09 (d, J=2.5 Hz) 
6.20 (d, J=2.5 Hz) 
6.78- 6.80 (br.m) 
13.50 (s) 
C H : - C H 2 
2 
2 
H 
H 
H 
2' 
x OMe 
x OMe 
-5' 
-2,5,6 
-OH 
s = singlet, d = doublet, m = multiplet, br.m = broad multiplet. spectrum run in 
CDCl, at 400 MHz., TMSi as internal standard, ch emical shift are recorded on 
8- scale. 
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GN-4 : 
The compound was crystallised from chloroform-methanol as yellow 
shining cyrstals m.p. 176-77°C, analysed for C)6H)407, gave greenish brown 
colour with FeCl3.In IR spectrum it showed the bands at 3290 (OH), 1670 
(C=0), 1460 (C=C)cm1. The "H-NMR spectrum (Table-7) showed three singlets 
integrating for three protons each at 5 3.85, 3.86 and 3.89 indicating three 
methoxyl groups. Two meta-coupled doublets at 8 6.32 (J=2.5 Hz) and 5 6.35 
(J=2.5 Hz) were assigned to H-7 and H-5 protons respectively. A one proton 
singlet at 5 6.65 was assigned to H-4 proton. Two singlets at 5 12.03 and 5 
12.21 were assigned to hydrogen bonded land 8 hydroxyl groups respectively. 
The above data of the compound GN-4 were in complete agreement with those 
of the spectral data of 1,8-dihydroxy-2,3,6-trimethoxyxanthone20 (IV). Hence 
it was identified as l,8-dihydroxy-2, 3,6-trimethoxy xanthone (IV). 
(IV) 
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Table - 7 
'H-NMR spectral data of GN-4 
Assignments No. of Protons Signals 
OMe 
OMe 
OMe 
H-7 
H-5 
H-4 
1-OH 
8-OH 
3.85 (s) 
3.86 (s) 
3.89 (s) 
6.32 (d, J=2.5 Hz) 
6.35 (d J=2.5 Hz) 
6.65 (s) 
12.03 (s) 
12.21 (s) 
s = singlet, d = doublet, spectrum run in C'DCl, at 400 MHz.. TMSi as internal 
standard, chemical shifts are recorded on 5-scale. 
f 
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The melting points were taken on a Kofler block and are uncorrected. 
All ultraviolet spectra were measured on Beckmann Model DU and Pye Unicam 
PU-8800 spectrophotometers in methanol/ethanol. Infrared spectra were taken 
on Shimadzu IR-408 and Perkin Elmer 1 800 (FTIR). The Mass and 'H-NMR 
spectra were obtained from different institutes in the country and outside. The 
mass spectra were mostly measured in E.I. mode on JMSD-300 while, the 'H-
NMR spectra were usually recorded on Varian EM-360 L (60 MHz), 270 MHz, 
JEOL 4H-100 MHz, Perkin Elmer R-32 (90 MHz) and Brucker WM-400 (400 
MHz-FTNMR)in CDCl,/DMSO-d6 using TMS as internal standard. 
The silica gel used for different chromatographic purposes, were obtained 
from E. Merck (India), E. Merck (Germany) and SRL (India). TLC solvent 
systems used were benzene-pyridine-formic acid (B.P.F., 36:9:5). toluene-
ethylformate-formic acid (T.E.F., 5:4:1), ethylacetate-ethylmethylketone-
acetic acid-water (Et OAc-EtMeCO-AcOH-H20, 5:3:1:1; 20:3:1:1; 30:3:1:1). 
KM 
erthylacetate-methanol-water(EtOAc-MeOH-H20,8:1:1), petrol-benzene (2:£) 
n-butanol-acetic acid-water (B.A.W, 4:1:5), n-butanol-water-ethanol (B.E.W.. 
60:28.5:16-5). 
Ammonia vapours, alcoholic ferric chloride, iodine vapours, aniline 
hydrogen phthalate and p-anisidine phosphate solutions were used as spray 
reagents for visualisation of TLC spots. 
66 
Extraction of the leaves of Garcinia nervosa (Clausiaceae) : 
The air dried powdered leaves (2 Kg) of G. nervosa after being defatted ) 
with hot petroleum ether, were extracted exhaustively with(EtOH. The residue, 
obtained after complete removal of the solvent (a|> reduced pressure, was 
extensively refluxed with chloroform. The concentrate revealed a complex 
mixture of four compounds on TLC plates coated with silica gel, in the 
following solvent systems : 
1) Benzene : chloroform ( 5 : 1 ) 
2) Chlorofom : Ethyl acetate (5 : 2) 
3) Toluene : Ethyl formate : Formic acid ( 5 : 4 : 1) 
4) Benzene : Pyridine : Formic acid (36 : 9 : 5) 
The extract was, therefore, subjected to column chromatography over 
silica gel. The column was eluted with benzene : chloroform mixture in 
different ratio (9:1-1 '1), 5 to 10 ml fractions were collected in conical flasks 
and monitered by TLC. Fractions having the same compounds were mixed 
together. On repeated column chromatography over silica gel column using the 
same solvent systems two nearly pure fractions were obtained, they were 
further purified by fractional cystalisation and marked as GN-1 and GN-2. 
Finally, the column was eluted with chloroform, different fractions were 
collected. On crystallisation, they gave two pure compounds marked as GN-3 
and GN-4. 
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GN-1 : 
It was crystallised from chloroform-methanol as yellow shining cystals. 
It gaVe +ve Beliestein's test, red colour with cone. H2S04 , orange to red colour 
with aq. NaOH and a greenish brown with FeClv Yield 120 mg, m.p. 180°C. 
Analysed forC18 H J ?0 5 Br, 
Calcd. : 62 .06 ,4 .88% 
Found : 62 .10 ,4 .83% 
Spectral data : 
KBr 
^^ max. 
2949 (br, OH), 1684 ( 0 0 ) , 1606, 1462 (C=C), 1392, 1344, 879, 833. 
UV with shift reagents, A nm : 
max. 
MeOH 235, 365 
NaOMe 237, 308 sh, 415 
A1C13 231 , 304 sh, 405 
A1C13-HC1 232, 301 sh, 406 
NaOAc 235, 307 sh, 405 
NaOAc-HjBO, 236, 305 sh, 407 
1H-NMR (400 MHz. CDCI^) on 8 scale : 
3.80 (3H, s, OMe), 3.86 (3H, s, OMe), 3.94 (3H, s, OMe), 6.4 ( IH, s, H-31), 6.95 
(2H, d, J=9 Hz, H-3,5), 7.65 (2 H, d, J=9 Hz, H-2,6), 7.89 (2H, s, H-a , B), 13.65 
(1 H, s, 2'-OH). 
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13C-NMR (TMSi deriv. , CDC13) on 5 scale : 
55.44 (OMe), 56.64 (OMe), 62.27 (OMe), 97.45 (C-3'), 114.59 (C-5'), 
114.59 (C-3,5), 123.46 (a-C), 127.9 (C-1'), 129.19 (C-1), 130.45 (C-2,6), 
144.43 (P-C) 159.94 (C-4), 161.96 (C-2'), 162.08 (C-4'), 165.92 (C-6'), 
192.63 (C=0). 
Mass m/z (rel. int.): 
392/394 [M]+- (46.5, 44.8), 377/379 [M-Me]+ (7, 5.5), 362/364 [377/ 
379-Me]+ (9.3, 10.5), 283/285 (12, 10.5), 258/260 (21.1, 20.5), 161 (13.9), 
134 (100), 121 (74.8). 
Acetylation of GN-1 ; 
GN-1 (20 mg) was acetylated by dissolving it in 1 ml of pyridine and 
adding 2 ml of acetic anhydride. The reaction mixture was heated on a water bath 
for about 2 hrs. After cooling, it was poured on crushed ice and left over night. 
The solid separated was filtered, washed with excess of water and dried. On 
repeated crystallisation from CHCl3-EtOH, grannular type crystals were 
obtained. 
Yield lOmg, m.p. 120-22°C. 
Spectral data ; 
+H-NMR (400 MHz, CDC13) on 8 scale : 
2.19 (3 H, s, OAc), 3.81 (3 H, s, OMe), 3.86 (3H, s, OMe), 3.96 (3 H, s, OMe), 
6.56 (1 H, s, H-3'), 6.91 (2 H, d, J=9 Hz, H-3,5), 6.96 (1 H, d, J=16 Hz, H-a), 
7.43 (1H, d, J=16 Hz, H-p), 7.51 (2 H, d, J=9 Hz, H-2,6). 
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GN-2 : 
GN-2 was crystallised from chloroform methanol as yellow needle 
shaped crystals. It gave a greenish brown colour with FeCl r red colour with 
cone. H 2 S0 4 and orange to red colour with aq. NaOH. 
Yield : lOOmg, m.p. 123°C 
Analysed for : C]7H)( i04 
Calcd. : C. 71.83; H, 5.63% 
Found : C, 71.69. H, 5.70% 
Spectra l da ta : 
KBr 
, R
 U m a x c m - ' : 
2930 (br. OH), 1670 ( 0 0 ) . 1465 (C=C) 
^ MeOH 
UV A nm : 
max. 
236.4 and 364.8 
JH-NMR (400 MHz, CDCl^) on 5 scale : 
3.88 (6 H. s. 2 x OMe), 6.46 (1 H. d. J=2.5 Hz. H-3'), 6.51 (1H, dd, J=2.5 and 
9Hz. H-5'). 6.95 (2H, d, J=9 Hz, H-3.5). 7.49(1 H. d, J=16 Hz. H-a), 7.61 (2H. 
d. J=9 Hz. H-2,6). 7.81 (1 H. d. J=9 Hz. H-6'). 7.89 (1 H, d. J=l 6 Hz, H-p), 1 3.56 
(1H. s. 2*-OH). 
xMass m/z (rel. int.) : 
284 [MP (82.8), 269 [M-Me]+ (10.3), 256 [M-CO]+ (5.9), 254 (269-
Me)+ (5.1). 177 (21), 161 (18.1). 151 (27.3). 134 (100), 121 (56.4). 
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GN-3 : 
It was obtained in the form of yellow crystals from chlorofom - methanol 
mixture. Yield 80 mg, m.p. 132°C. 
Analysed for C]()H220( 
Calcd : C, 65.89; H. 6.32% 
Found : C. 65.78; H, 6 .43% 
Spectral data : 
KBr 
, R
 D m a x c m - ' : 
3320 (OH). 1690 (C=0), 1465 (C=C) 
'H-NMR (400 MHz, CDCl^) on 5 scale : 
2 P 0 - 3 . 2 6 ( 4 H , m , C H 2 - C H 2 ) . 3 . 8 3 ( 6 H . s . 2 x O M e ) 3 . 8 7 ( 6 H . s , 2 x O M e ) , 6 . 0 9 
(IH. d, J=2.5 Hz. H-3'). 6.20 (1 H. d, J=2.5 Hz. H-5'). 6.78-6.80 (3 H, br.m, H-
2. 5 & 6), 13.50 ( IH, s. 2*-OH). 
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GN-4 : 
GN-4 was obtained in the form of yellow shining crystals after repeated 
crystallisation from chloroform-methanol. 
Yield 60 mg, m.p. 176-77°C. 
Analysed for C16 H14 0 7 
Calcd: C. 60.37, H. 4.40% 
Found: C, 60.39. H, 4 .37% 
Spectral data : 
KBr 
IR \ ) m cm"1: *-* max. 
3290 (OH). 1670 (C=0) and 1460 (C=C) 
'H-NMR (400 MHz, CDCI,) on 8 scale ; 
3.85 (3H. s, OMe), 3.86 (3H. s, OMe). 3.89 (3H, s, OMe), 6.32 ( IH, d. J=2.5 
Hz, H-7). 6.35(1 H,d, J=2.5 Hz. H-5), 6.65 (IH. s, H-4) 12.03 ( IH, s, 1-OH), 
12.21 ( IH , s, 8-OH). 
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Chemical investigation of the leaves of Alstonia 
macrophylla (Apocynaceae) 
Alstonia is a genus of small or medium sized trees, distributed from 
Africa to the Pacific, but mainly concentrated in the Indo-Malayan region. It 
comprises about 30 species, out of which 6 are found in India1, and fuad' 
extensive use in folk medicines for the treatment of malaria, ulcers, syphilis, 
insanity and epilepsy2. 
The present discussion deals with the isolation and characterisation of 
the following four compounds from the leaves of Alstonia macrophylla 
1 3, 7, 15, 19, 23-PentamethyI tetracos-6-en -5-ol-13-on -11-oic acid 
2 Semimoronic acid 
3. Vitexin 
4 Myricetin - 3'-rhamnoside-3-0-gaIactoside 
Fresh leaves of Alstonia macrophylla procurred from the Botanical 
f garden in A.M.U^f campus, Aligarh, India, were air dried and extracted 
exhaustively with EtOH. The EtOH extract was concentrated under reduced 
pressure and extracted successively with petrol, benzene, ethylacetate, acetone 
and methanol. Since petrol and benzene concentrates showed similar behaviour 
on TLC plates in different solvent systems, were, therefore, mixed together 
The combined material was chromatographed over silica gel column. Elution of 
the column with petrol-benzene and benzene alone afforded two compounds 
labelled as Am-1 and Am-2. 
The ethyl acetate, acetone and methanol concentrates on TLC examination 
in solvent systems viz. EtOAc : EtMeCO : AcOH : H20 (20:3:1:1, 5:3:1:1), 
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EtOAc-MeOH-H20 (8:1:1) and CHC1? MeOH-H20 (35:13:2) showed two 
common major compounds with varying concentrations. The above concentrates 
were, therefore, mixed together. Repeated column chromatography over silica 
gel and fractional crystallisation failed to separate the mixture, therefore, were 
seperated by preparative TLC/over silica gel plates using ethyl acetate-
methanol-water (8:1:1) as the solvent system. The cystalline TLC homogenous 
substances obtained were labelled as Am-3 and Am-4. 
Am-1 
Elution of the column with petrol-benzene (7:3-1:1) gave a fraction 
which on crystallisation with chloroform-methanol yielded the compound Am-1 
m.p. 215-16°C analysed for C?0H56O4. It gave effervescences with sodium 
bicarbonate indicating the presence of carboxyl group. Its IR spectrum showed 
the characteristic bands at 3450 (OH), 1720 (C=0), 3300, 1680 (carboxylic 
group) and 1650 cm"1 (Olefmic linkage). The mass spectrum showed a molecular 
ion peak at m/z 480/corresponding to an acyclic triterpene. The 'H-NMR 
spectrum (Table-1) showed a doublet integrating for one proton at 8 5.01 
ascribed to H-6 olefmic proton. The methylene groups at C-12 and C-14 
appeared as two independent broad singlets of two protons each at 8 2.20 and 
1.95 respectively. A singlet at 8 1.54 integrating for three protons was assigned 
to C-26 methyl group. A broad multiplet at 8 3.35 was attributed to the 
carbinylic proton. The remaining methme and methylene protons were exhibited 
in the range of 8 1.25-1.91, while the other six methyl protons were centered 
as two independent singlets of nine protons each at 8 0.93 and 0.80 respectively 
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The above assigned structure was further supported by the mass spectrum 
(scheme-1) which showed molecular ion peak at m/z 480. The fragment ions at 
m/z 311, 297, 239, 183, 155 and 137 further confirmed the presence of 
a i V 
carboxyl group at C-l 1. The (significant fragments at m/z 437, 419, 395, 393, 
.4/ 
351, 297, 183, 1 55, 127, 113 and 85 pointed the existence of carbonyl group 
at C-l 3. The olefinic linkage at C-6 was supported by the fragments at m/z 339, 
295 and 141. The characteristic fragments at m/z 451 . 409, 407, 101, 71 and 
57 suggested the presence of a secondary hydroxyl group at C-5. The other 
fragments are rationalised from the scheme. These spectral data suggested the 
acyclic nature of triterpene 
The presence of one hydroxyl group in the compound was further 
confirmed by derivatization of the compound. It formed a monoacetyl derivative 
(Am-lb) on treatment with Ac,0/Pyridine and monomethyl ether (Am-lc) on 
methylation with dimethylsulphate. 
On the basis of above evidences, the compound Am-1 was characterised 
as 3,7,15,19,23-pentamethyltetra cos-6-en-5-ol-13-on-ll-oic acid (I). 
( I ) 
a) R = H 
( tTR^^oiM AvxJW 
c ) R = Me 
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Table - I 
JH-NMR spectral data of Am-1 
Assignments 
H-6 
H-5 
CH:CO 
CH2CO 
4x CH 
CH-CH : 
CH,- 26 
10 x CH : 
3 X CH, 
3 X CH, 
No. of Protons Signals 
20 
9 
9 
5.01 (d. J=10 Hz) 
3.35 (m) 
2.20 (br s) 
1.95 (br s) 
1.91 (br s) 
1.81 (br s) 
1.54 (br s) 
1.25 (br s) 
0.93 (br s) 
0.80 (br s) 
s = singlet, m = nuiltiplet. br.s = broad singlet, spectrum run in CDCl, at 400 
MHz.. TMSi as internal standard, chemical shifts are recorded on 8-scale. 
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V< J2»WQi» 
m / 2 «7tS<) 
"VI *1f(44, 
"V* *J(125) 
"V* 195(125) 
-<*M ' >co, 
"V*12SU.2) 
2 C > V ^ ^ ' C 1 2 H B O H 
8
 COOH 
-CO 4 ~fr° 
2
 A * 
m / U 5 K 8 7 ) 
,6 
C->,H,„< 
C
» ^ 6 ^ r M f m/z 480(242) 
"I" 
c i 7 H 2 * 
"V* 297(10.7) 
°5^1 
J-CH, 
m / * 57(100) 
"VVYspT - ^ ^ 
•"/* 451(180) 
, 1 
m/z<09(6X)j m/z 407(9.0) 
rryz«3(ia3) 
J-c2m 
i nrv/z155( 8.8 ) 
-H20J l-CH 
m/z 137119.9) m/zttl(l8-S) 
l -CH, ^ l - C , H 4 
WzJ25(t2) m/x 295(1V2) m/zlOlUlO 
j-CHj 
nvz31l(lOj8) 
'Z 
J-CcHsOt 
m / z ^ t U S ) 
C16Hj,0 
"V* 239(13-4) 
| "CH2 
m / z 225 (KX5) 
1 ' C H 2 c O 
m/z 183(10 3) 
| - C 2 H 4 
m/z 155(8-8) 
|-C2Ht 
m/x 127(13.6) 
j -CHj 
m/z muao) 
I-C2H4 
m / z 85U3-7) 
SCHEME-l 
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Am-2 : 
Cystallised from chloroform-methanol as colourless crystals (60 mg) 
m.p. 260-61 °C. ItsIR spectrum showed the characteristic bands at 2960 (OH), 
1680 (C=0), 1470 (C=C) cm'1. The 'H-NMR spectrum (Table-2) showed a 
broad singiet integrating for one proton at 5 5.18 was assigned to = CH-. A pair 
of doublet at 5 3.75 and 4.3 1 (J= 8 Hz) integrating for one proton each were 
attributed to -CH 0-. The overlaping singlets in the range of 8 0.92-0.99 
integrating for 12 protons were ascribed to 4 methyl groups while the two 
independent singlets of three protons each at 8 0.76 and 0.89 were assigned to 
other two methyl groups. The mass spectrum showed the molecular ion peak at 
m/z 470. 
On the basis of above sepctral data and comparing them with those of 
authentic sample, the compound Am-2 was characterised as seniimoronic 
acid4(II) . 
HO 
( I I ) 
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Table - 2 
'H-NMR spectral data of Am-2 
Assignments No. of Protons Signals 
=CH- 1 5.18 (brs ) 
-CH,0- 2 4.31 and 3.75 (ABd 
each. J=8 Hz) 
4 x CH, 12 0.92-0.99 (Overlaping s) 
CH, 3 0.89 (s) 
CH, 3 0.76 (br s) 
s = singlet, brs = broad singlet, d = doublet , spectrum run in CDCl, at 400 
MHz.. TMSi as internal standard, chemical shifts are recorded on 8-scale. 
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Am-3: 
The compound Am-3 was crystallised from methanol-ethylacetate as 
yellow crystals, m.p. 262-64°C. Elemental analysis agreed with the molecular 
formula C2IH2IOu. It gave pink colour with Zn/HCl and yellowish red with Mg-
HC1, suggestive of a flavone nucleus. The 'H-NMR spectrum showed a sharp 
singlet at 8 6.8 assignable to H-3 of flavones. 
The compound gave a positive Molish test and a dark green colour wtih 
ferric chloride. The analysis of functional groups revealed the presence of 
a, (3-unsaturated >C = 0(1650), phenolic OH (3420), and a complex aromatic 
substitution, besides a strong band at 2950 cm'1. The UV spectrum showed 
MeOH 
X at 268 and 335 nm. Thebathochromic shift of lOnm with NaOAc inband-
max. 
II, 11 nm with A1C13 and 38 nm with NaOMe in band I (without decrease in 
intensity) indicated the presence of 5,7 and 4' hyrdoxyls. 
.Prolonged heating (5 hours) of the glycoside with 0.4 M.HC1 failed to 
hydrolyse the glycoside, suggestive of a C-glycosyl nature of the compound. 
This was further supported by two bands at 1010 and 1038 cm"1 in its IR 
spectrum. The compound Am-3 was oxidised with FeCl3, the sugar obtained was 
identified as glucose (by m.p. co-chromatography and GLC of trimethylsilyl 
derivative). Pyranose structure of the glucose was confirmed by periodate 
oxidation of methyl ether of the glucoside. 
On boiling the glucoside (Am-3) with hydroiodic acid in phenol, the 
sugar moiety was decomposed. The resulting product was identified as apigenin 
(Am-3 ag) by comparison of m.p. and spectral data (UV, IR, 'H-NMR and Mass) 
with those of an authentic sample5. The UV spectrum of the aglycone was found 
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to be identical with that of glucoside. The acetate of the glucoside, prepared by 
heating it with acetic anhydride and pyridine gave white crystals (Am-3Ac), m.p. 
154-156°C, analysed for C33H320)6. 
The 'H-NMR spectrum (TabIe-3) exhibited a pair of ortho-coupled 
doublets integrating for two protons each at 5 7.40 (J=9 Hz) and 8 8.10 (J=9 Hz) 
corresponded to H-3', 5' and H-2\ 6'. Two independent singlets of one proton 
each at 5 6.8 and 8 6.9 were assigned to H-3 and H-6 respectively. The 
anomeric proton H-l" (glu) appeared as a doublet at 8 4.64 (J=l 0 Hz) showing 
trans diaxial relationship with H-2", while the sugar protons appeared in the 
range of 8 3.60-5.70. Three singlets at 8 2.32, 2.43 and 2.5 integrating for three 
protons each were attributed to three aromatic acetoxyls at 4,7 and 5 positions. 
The four aliphatic acetoxyls appeared as a multiplet at 8 1.72-2.02. The 
presence of the signals at 8 1.72 for 2"-OAc and 2.02 for 6"-OAc indicated the 
presence of sugar moiety at C-86. This was further supported by the negative 
Gibb's test. The location of the sugar at C-8 was further confirmed by the mass 
fragmentation, as the characteristic fragments at m/z 312 (aglycone attached to 
CH,-CHO) was observed7. 
The other fragments observed were at m/z 283 [aglycone attached with 
CHJ and 354 [M-C-glucosyl + H+]. The fragment ion at m/z 270 seemed to be 
formed by the loss of 2 x CH2=C=0 groups from m/z 354. The RDA fragments 
representing ring-A and ring-B were observed at m/z 194 [AJ+ and at m/z 118 
[B,]+respectively. 
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On the basis of the above results, the compound Am-3 was characterised 
as vitexin (HI). 
( I I I ) 
a) R = H 
b) R = Ac 
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Table-3 
'H-NMR spectral data of Am-3 Ac 
Assignments No. of Protons Signals 
H-3 
H-6 
H-3' ,5 ' 
H-2',6' 
H-l" 
H - r , , 2 " , 3 , , , 4 , , , 5 " , 6 " 
Aromatic acetoxyls 
OAc 
OAc 
OAc 
Aliphatic acetoxyls 12 
6.8 (s) 
6.91 (s) 
7.4 (d, J=9 Hz) 
8.1 (d, J=9 Hz) 
4.64 (d, J=10 Hz) 
3.65-5.70 
2.32 (s) 
2.43 (s) 
2.51 (s) 
1.72-2.02 (m) 
s - singlet, m = multiplet, d = doublet,spectrum run in CDCl at 400 MHz.. TMSi 
as internal standard, chemical shifts are recorded on 8 -scale. 
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Am-4: 
The compound Am-4 was crystallized from ethylacetate-methanol as 
bright yellow needles m.p. 183-84°C. It responded positively to sodium 
amalgam/HCl, Shinodas and Molish test and gave green colour with FeCl3. The 
spot on paper chromatogram appeared deep purple under UV light which turned 
yellow with ammonia, indicating it to be flavanoidic glycoside. The UV 
spectrum showed the absorption maxima at X 257 and 351 nm and gave the 
bathochromic shift with NaOAc and A1C13 indicating the presence of free 
hydroxyl groups at 7 and 5 positions. A hypsochromic shift with A1C1./HC1 
in band-I indicated the presence of ortho-dihydroxyl grouping in nng-B. 
Total hydrolysis with 6% HC1 gave an aglycone and two sugar moities. 
The sugars were identified by paper chromatography as rhamnose and galactose 
using authentic sugars as cke-dcs. The aglycone was characterized as myricetin 
(V) m.p. 357-58°C by spectral studies and co-chromatography with an authentic 
sample. 
Am-4 on acetylation with acetic anhydride and pyridine yielded an 
F i g . I ) 
acetate,Am-4Ac(IVb)m.p. 152-3°C. Its'H-NMR spectrum(Table-4f indicated 
the presence of four aromatic acetoxyls integrating for 12 protons in the range 
of 8 2.31-2.45 and seven aliphatic acetoxyls integrating for 21 protons at 8 
1.98-2.23. The anomeric protons of rhamnose H-l" (rham) and galactose H-l'" 
(galac) were observed as doublets at 8 4.68 (J=2 Hz) and 8 5.66 (J=2 Hz). The 
coupling constant of anomeric protons indicated a-configuration for rhamnose 
and P-for galactose. The rhamnosyl methyl appeared at 8 0.92 (d) while the 
other sugar protons were detected as multiplets in the range of 8 3.60-4.42. 
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In the aromatic region, the 5, 7-disubstitution in ring-A was demonstrated 
by the presence of two meta-coupled doublets at 5 6.89 and 8 7.35 integrating 
for one proton each and ascribed to H-6 and H-8 protons respectively. Another 
pair of meta-coupled doublets at 5 7.82 and 5 7.50 integrating for one proton 
each were assigned to H-6' and H-21 protons respectively showing non-
equivalence of the two protons. It was evident from the above observatios that 
one of the sugar moiety is attached to C-3'-hydroxyl of ring-B9. 
The chemical shift of C-l proton of galactose at 5 5.66 indicated that the 
3-position of the aglycone was occupied by galactose because the anomeric 
proton of flavonol-3-0-rhamnoside appears at 5 5.0-5.1 Ul. 
On the basis of above results, the compound Am-4 was characterised as 
mycricetin-3'-rhamnoside-3-0-gaIactoside (IV). 
(W) 
a) = l£,R3fR5,R6= H; R1=rham; R4^^^. 
t>) = R^ R ,R ,R -Ac; R^^acetylated rharmoside; 
R^jacetylated galactoside 
(V) 
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Table-4 
'H-NMR spectral data of Am-4 Ac 
Assignments 
Rhamnosyl methyl 
7 x Aliphatic acetoxyls 
4 x Aromatic acetoxyls 
H-5" (rhamnosyl proton) -
H-5 m . 6m (galac) 
H - r ( r h a m ) 
H-l" ' (galac) 
H-6 
H-8 
H-2' 
H-6' 
No. of Protons 
3 
21 
12 
1 
l 4 
Signals 
0.92 (d, J=6 Hz) 
1.98 -2.23 (m) 
2.31-2.45 (m) 
3.60-4.42 (m) 
4.68 (d, J=2 Hz) 
5.66 (d, J=8 Hz) 
6.89 (d? J=2.5 Hz) 
7.35 (d, J=2.5 Hz) 
7.50 (d, J=2 Hz) 
7.82 (d, J=2 Hz) 
s = singlet, m = multiplet, d = doublet,spectrum run in CDCl, at 400 MHz. TMSi 
as internal standard, chemical shifts are recorded on 5-scale. 
ft 
6" 
10 
* -
o 
6-
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Extraction of the leaves of Alstonia macrophvlla 
(Apocvnaceae) 
Fresh leaves of Alstonia macrophvlla (3 kg) collected from the 
Botanical garden of A M U . , Aligarh, India, were dried under shade. The dried 
and powdered leaves were exhaustively extracted with EtOH. The EtOH extract 
was concentrated under reduced pressure. The dark green viscous mass left 
bphind was extracted successively with petrol, benzene, ethyl acetate, acetone 
and finally with methanol. Since TLC examination of petrol and benzene 
extracts revealed the similar behaviour on TLC plates with different solvent 
systems, were, therefore, mixed together. The combined concentrate was then 
subjected to column chromatography over silica gel. The column was eluted 
with petrol-benzene (1:1) and finally with benzene. The petrol benzene eluate 
on concentration gave a pure compound marked as Am-1, while benzene eluate 
afforded Am-2. 
Ethyl acetate, acetone and methanol extracts were checked by TLC using 
a number of solvent systems viz EtOAc : EtMeCO : AcOH : H20 (20:3:1:1, 
5:3:1:1), EtOAc : MeOH:H20 (8 1:1) and CHCl3:MeOH:H20 (35:13:2). The 
three concentrates showed the presence of two common compounds with 
varying concentrations, hence the three concentrates were mixed together. The 
mixture was separated by preparative TLC on silica gel plates using ethyl 
acetate-methanol-water (8:1:1) as the solvent system. The two compounds 
obtained were marked as Am-3 and Am-4. 
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Am-l : 
Elution of the column with petroleum ether-benzene (7:3- l : l ,v /v) yielded 
the compound labelled as Am- l . It was crystallised from chlorofom-methanol 
in the form of colourless crystals. 
Yield 120 mg, m.p. 215-16°C. 
Analysed for CM1H5604 
Calcd : C, 75.00; H, 11.66% 
Observed : 74.86; H. 11.53% 
Spectral data : 
KBr 
*^ max 
3450, 3300, 2900, 2845, 1728. 1680, 1650, 1430, 1335, 1290, 1245, 1035, 
770. 
'H-NMR (400 MHz, CDCI^ on 5 scale : 
0.80 (9H, brs, 3 x CH,). 0.93 (9H. brs, 3 x CH,). 1.25 (20H, brs, 10 x 
CH2), 1.54 (3H, brs, CH r26), 1.8 (3H, brs, CHCH2), 1.91 (4H, brs, 4 x CH). 
1.95(2H,brs,CH2CO).2.20(2H,brs,CH2CO),3.35(lH,br.m, H-5), 5.01 (1H. 
d, J= 10 Hz, H-6). 
Mass m/z (rel. Intensity) : 
480 [M]^ (24.2). 451 (18.0), 437 (5.4), 419 (4.6), 409 (6.0), 395 (12.5), 
393 (12.5), 351 (8.7) 339 (13.5). 325 (4.2), 311 (10.6). 307 (9.1), 297 (10.7). 
295 (11.2), 281 (11.5), 239 (13.4), 225 (10.5), 183 (10.3), 155 (8.8), 141 
(18.5), 137(19.9), 127(13.6), 113 (20.0), 101 (13.4), 99 (66.2), 85 (43.7), 71 
(79.5), 57 (100), 55 (84.5), 53 (19.9). 
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Acetvlation of Am-1 : 
Crystalline Am-1 (30 mg), acetic anhydride (2 ml) and pyridine (0.5 ml) 
were heated over a water bath for 2 hours. After cooling, the mixture was poured 
over crushed ice and left overnight. The solid was collected, washed with water 
and dried. On repeated crystallisation from ethyl acetate-petroleum ether, 
white shinning cystals of Am-lb were obtained, m.p. 92-93°C. 
Analysed for C3 2H5 g05 
Calcd : C, 73.56; H, 11.11% 
Observed : 73.42; H. 11.08% 
Methylation of Am-1 : 
Crystalline Am-1 (25 mg), dry acetone (40 ml) dimethyl sulphate (1 ml) 
and anhydrous K o C0 3 (0.3 g) were refluxed for 12 hrs on a water bath. The 
reaction mixture was filtered and the inorganic residue washed well with hot 
acetone. On distilling off the solvent, a brown semi solid mass was left behind. 
It was washed with hot petroleum ether to remove the excess of dimethvl 
sulphate. The solid residue on cystallisation from methanol gave colourless 
shining plates of Am-lc . 
Yield 15 mg, m.p. 85-86°C. 
Analysed for C„H, 8 0 4 
Calcd : C, 75.30, H, 11.74% 
Observed : 75.26, H, 11.68% 
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Am-2: 
Am-2 was crystallised from chloroform- methanol as colourless crystals 
(60 mg), 260-61 °C. 
Analysed for C30H46O4 
Calcd: C, 76.59; H, 9.78% 
Observed : 76.40; H, 9.21% 
Spect ra l data : 
KBr 
I R
 U m a x c m ' ' : 
2960 (OH), 1680 (C=0), 1470 ( O C ) . 
*HNMR (400 MHz, C D C U on 5 scale : 
0.76 (3H, s, 1 x C H 3 ) , 0 . 8 9 ( 3 H , s . 1 x CH3), 0.92-0.99 (12H, overlapping, 
s. -4 x CH3), 3.75 and 4.31 (2H. ABd, J=8 Hz, - CH20-), 5.18 (1H, brs. = 
CH-). 
Mass m/z (rel. Intensity) : 
v
 470 (M+ 18%), 452 (10), 426 (60), 424 (48), 411 (20), 409 (12). 397 
(11), 246(10) , 236 (58) ,203 (40). 191 (18), 190(78), 189(66) . 175(46) . 163 
(100), 133 (28), 121 (30). 119 (38). 109 (32), 107 (35), 105 (45). 
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Am-3; 
Am-3 was obtained as yellow crystals on repeated crystallisation from 
methanol-ethylacetate mixture. It gave pink colour with Zn-HCl and reddish-
yellow colour with Mg-HCl. Besides, a positive Molish test (2 ml of aq. extract 
of the compound was added two drops of a freshly prepared 20% alcoholic 
solution of a-naphthol . The mixture on treatment with 2 ml of cone. H2S04 
produced a red-violet ring which disappeared on the addition of an excess of 
alkali solution) and a dark green colour with alcoholic FeCl, sol. 
Yield 250 mg, m.p. 262-64°C. 
Analysed for C2 ,H21On 
Calcd : C. 56.12; H, 4.67% 
Observed : C, 56.09; H. 4.62% 
Spectral data : 
KBr 
3420 (OH), 2950, 1650 (C = O) 
UV with shift reagents, X nm : 
MeOH 268, 298. 335 
NaOMe 278, 325. 393 
A1C1, 2 7 9 , 3 0 1 , 3 5 3 . 3 8 4 
A1C1,/HC1 2 7 6 , 3 0 0 , 3 5 1 , 3 8 5 
NaOAc 278, 300, 377 
NaOAc/H3B03 270, 308 sh, 342 
93 
Acetvlation of Am-3 : 
The crystalline glycoside (30 mg), was dissolved in pyridine (1 nil) and 
acetic anhydride (2 ml) was added. The mixture was heated on a water bath for 
about 3 hrs. and then left overnight at room temperature. After usual work up. 
as described earlier, the acetate obtained was crystallised from ethyl acetate-
petroleum ether as white crystals, Am-3Ac. m.p. 1 54-56°C. 
Analysed for C, 3H, 20 | ( 
Calcd : C. 57.89; H. 4.67% 
Observed : C. 57.79; H. 4 .63% 
'H-NMR spectrum (400 MHz, CDC 1,) on 8 scale : 
1.72-2.02 (12 H. m , 4 x OAc. aliphatic acetoxyls). 2.32, 2.43. 2.51 (9H 
s, 3 x OAc. aromatic acetoxyls). 3.65-5.70 (7H. m. H-r ,2".3",4",5",6") . 4.64 
(1H, d, J=10 Hz. H- l " ) . 6.8 (1H. s. H-3). 6.9 (1H, s. H-6), 7.4 (2H. d. J=9 Hz. 
H-3\ 5'), 8.1 (2H. d. J=9 Hz. H-2'.6'). 
Hydroiodic acid oxidation : 
A mixture of the glycoside (30 mg), phenol (70 mg) and hydroiodic acid 
(0.3 ml) was refluxed for about 9 hours. The mixture was cooled and sodium 
bisulphite (NaHSO.) was added to it with stirring. The separated brown 
substance was purified by passing it through a silica gel column. 
Elution of the column with benzene : ethyl acetate (1:1) mixture afforded 
the substance. Am-3 ag. It was crystallised from chloroform-ethyl acetate as 
light yellow crystals. 
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Yield (15 mg), m.p. 347-48°C. 
Analysed for CI5H,0O5 
Calcd : C, 66.66; H, 3.70% 
Observed : C, 66.64, H, 3.54% 
UV data with shift reagents, X nm : 
—
 a
 * max 
MeOH 266, 297, 336 
NaOMe 277, 326, 395 
A1C13 2 8 0 , 3 0 3 , 3 5 1 , 3 8 2 
A1C13/HC1 278, 300, 352, 384 
NaOAc 276, 300, 378 
NaOAc/H3B03 270, 306 sh, 345 
Ferric chloride oxidation: 
The glycoside (30 mg) was added to a solution of FeCl3 (120 mg) in 
3 ml water. The mixture was heated on an oil bath at 125°C for about 7 hours. 
The reaction mixture after cooling, was diluted with water (10 ml), a small 
amount of dark coloured solid formed was filtered off. The filterate was 
purified by passing through a column of silica gel using water as eluent. The 
initial fractions obtained were combined and concentrated to a syrup which was 
subjected to paper chromatography on Whatman No. 1 filter sheet using 
n-BuOH-AcOH-H20 (4:1:5) and n-BuOH-water-ethanol (60:25:8:16.5) as 
solvent systems and employing the descending technique. Authentic sugars 
were used as checks. The chromatograms were run for 24 hrs. and after drying 
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at room temperature were sprayed with aniline phthalate and p-anisidine 
phosphate solutions. The chromatograms on drying at 100-105° revealed the 
presence of glucose only. 
GJX of Trimethvl silyl ether of sugar : 
The TMSi ether of sugar was prepared by taking 15 mg of sugar ir dry 
pyridine (0.5 ml) and hexamethyl disilazane (0.2 ml) in a 10 ml round bottom 
flask. To this solution 0.2 ml of trimethyl chlorosilane was added. The flask was 
stoppered and kept at room temperature for one hour. The solution after drying 
was taken in heptane. The heptane soluble TMSi ether derivative of sugar was 
then subjected to GJ£C (2% OV-1, column temp. 150-250°. 10 min. dect. temp. 
300°, N,, 50 ml/min) alongwith the silyl derivative of standard sugar. The 
observed Rt. value was found to be in agreement with that of authentic sample 
of glucose (Rt. glucose 1.0). 
Periodate oxidation of glycoside methyl ether : 
Glycoside methyl ether (15 mg) of Am-3 was dissolved in methanol 
(10 ml) and an aquous solution of NaI04 (0.47 N, 15 ml) was added to it. The 
mixture was kept at 20°C in dark for 24 hours. Solid NaHCO, (2 gm) was then 
added followed by the addition of Na?AsO, solution (0.05 N. 25 ml). The 
resultant mixture was titrated against iodine using starch as indicator. One 
mole of methyl ether consumed 1.2 mole of periodate, with the liberation of 
one mole of formic acid. 
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Am-4: 
Am-4 was crystallised as yellow needle shaped crystals from ethyl-
acetate-methanol mixture. 
Yield : 150 mg, m.p. 183-84°C. 
Analysed for C27H30O17 
Calcd : C. 51.75; H, 4.79% 
Observed : C, 51.72; H, 4.75% 
UV spectral data with shift reagents, X nm : 
' " * max 
MeOH 257, 351 
NaOMe 270, 378, 395 
A1C1, 2 7 3 , 3 3 2 , 4 3 1 
A1C1/HC1 269, 397 
NaOAc 270, 369 
NaOAc/H,B03 259. 369 
Acetylation of Am-4 : 
Am-4 (60 mg) was acetylated by heating with acetic anhydride (2 ml) and 
pyridine (1 ml) on a water bath for two hours. After usual workup it was 
crystallised from ethanol-ethyl acetate as colourless crystals. Yield 30 mg, 
m.p. 152-53°C. 
Analysed for C4gH52028 
Calcd : C, 54.04; H, 4.77% 
Observed : C, 54.10; H, 4 .65% 
97 
'H-NMR (90 MHz, CDCI3) on S scale : 
0.92 (3H, d = 6 Hz, rham., -CH3), 1.98-2.23 (21 H, m. 7 x aliphatic 
acetoxyls). 2.23-2.45 (12 H, m, 4 x aromtic acetoxyls). 3.60-4.42 [4 H, m, H-
5", (rham), H-5"\ 6"' (gal)], 4.68 (1 H, d, J=2 Hz. H-1", rham), 5.66 (1H, d, J=8 
Hz, H-1'", ga l ) , 6.89 (IH, d, J=2.5 Hz, H-6). 7.35 (IH, d, J=2.5 Hz, H-8), 7.50 
( IH, d. J=2Hz. H-2'), 7.82 ( IH, d. i=2 Hz. H-6'). 
Hydrolysis of the glycoside Am-4 : 
The glycoside Am-4 (50 mg) was hydrolysed by heating it with aq. 6% 
HCl on a water bath. The heating was continued for two hours to ensure 
complete hydrqlysis. The cooled solution was extracted with ethyl acetate to 
separate the aglycone. Evaporation of the ethyl acetate gave a yellow solid m.p. 
357-58°C. It showed no depression in melting point on admixture with an 
authentic ample of myricetin Its identity as myricetin was further confirmed 
by chromatography, colour reaction and UV spectral data with those of authentic 
sample. 
Analysed for C'1JH]0O8 
Calcd : C, 56.60; H. 3.14% 
Observed : C, 56.59; H. 3.12% 
UV spectral data of. Am-4ag with shift reagents. X nm : 
,
—
_.„e»__ i——max 
MeOH 255. 272 sh, 374 
NaOMe 287 sh, 325. 422 
A 1 C1, 273 . 315 sh, 450 
AlClj/HCl 267, 275 sh. 362 sh, 430 
NaOAc 269, 338 
NaOAc/H3B03 : 258, 305 sh, 396. 
98 
Chromatographic Identification of sugars : 
The acidic filterate left after extraction of the aglycone was concentrated 
to a syrup in a vacuum dessicator over NaOH pellets. It was chromatographed 
on Whatman No. 1 paper using the solvent system, n-butanol-acetic acid-water 
(40:10:50). Authentic sugars were used as checks. The chromatogram showed 
the presencse of rhamnose (Rf 0.36) and galactose (Rf 0.53) by comparison 
of the Rf values and shades with those of authentic sugars. 
f 
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CHAPTER-IV 
BRIDELIA MONOICA 
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Chemical constituents from the leaves of Bridelia 
monoica (Euphorbiaceae) 
Bridelia is a genus of trees, shrubs or climbers, comprising about 60 
species distributed from tropical Africa and Madagascar eastward through 
the Indo-Malyan region and southern China to tropical Australia and Pacific 
islands. There are about 18 species found in India1, mostly of them find 
extensive use in the folk medicines as anthelmintic and astringent2. 
The present discussion deals with the isolation and characterisation of 
a new compound named as tamarixetin-3-0-arabinoside (II) alongwith two 
known compounds viz. dimethyl terephthalate (I) and naringenin-7-O-a-L-
rhamnosyl ( l -» 4) rhamnose (III). 
The plant material was collected from Bihar (India). The air dried and 
powdered leaves were thoroughly extracted with petroleum ether, benzene 
and methanol.successively. The petrol and benzene concentrates were found 
to contain mainly waxy and resinous matters and hence not further examined. 
The methanol extract responded positively to flavonoidic tests'. The 
TLC examination of this concentrate in different solvent systems revealed the 
presence of several compoands, and was, therefore, chrosnatographed over 
silica gel coloumn. Elution of the coloumn with benzene afforded a crystalline 
compound labelled as Bm-1. On further elution of the coloumn with ethyl 
acetate-acetone (9:1-1:9) a light yellow solid was obtained. The solid on TLC 
examination on silica gel plates in different solvent systems viz. jEr>(5:4:1), 
BPP (36:9:5), EtOAc : EtMeCO : AcOH : H20 (5 : 3 : 1 : 1), EtOAc : MeOH 
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: H20 ( 8 : 1 : 1 ) , was found to be a mixture of two major compounds alongwith 
some impurities. The mixture was subjected to preparative TLC in 
EtOAc:MeOH:H20(8:l:l) solvent system. The two major compounds thus 
separated were further purified by crystallisation and labelled as Bm-2 and 
Bm-3-
Bm-1 : 
Bm-1 was obtained after elution of the coloumn with benzene. It was 
crystallised from chloroform-petroleum ether as white needles, m.p. 138°C. 
The elemental analysis of Bm-1 agreed with the molecular formula as 
-r 
CJ0H|0O4, further supported by molecular ion peak (M">) at m/z 194. 
The IR spectrum of the compound showed a carbonyl band at 1720 
alongwith bands at 1500, 1435cm ' characteristic of an aromatic compound. 
The UV spectrum showed maximum absorption at 265nm alongwith weak 
absorption at 340 nm. 
The 'H-NMR spectrum showed a sharp singlet at 83.97 integrating for 
two methyl esters. A sharp singlet at 5 8.13 integrated for four protons H-2, 
H-3, H-5 anl H-6 of phthalic acid. 
Mass spectrum was quite typical for aromatic methyl esters. The base 
peak was observed at m/z 163 (M -OCH.) and other fragments were observed 
at m/z 179 (M -CH?), 164 (M -2 x CH,), 135 (M -COOCH,) and 76 (M -2 x 
COOCH,) respectively. These spectral features of Bm-1 showed it to be a 
dimethylester of terephthalic acid (I). 
COOCH., 
COOCH3 
( I ) 
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Bm-2 : 
Bm-2 was crystallised from methanol-chloroform as yellowish solid, 
m.p. 204-5°C. Elemental analysis agreed to the molecular formula C2]H20On. 
The glycosidic nature of the compound was evidenced by a positive Molish 
test. It gave +ve Shinoda's test3 and a red colour on reduction with sodium 
amalgam followed by acidification4 indicatingjKTlavanone or 3-substituted 
flavone n^ttire. JThe possibility of its being a flavanone glycoside_w_as ruled , 
out as it gave a yellow colour with Wilson boric acid reagent5, Further the 
chromatographic spot appeared deep purple under UV light which turned 
yellow with ammonia indicating it to be a 3- substitued flavone glycoside. It
 L';-
gave a brown green colour with alcoholic FeCE. The IR spectrum revealed the 
presence of phenolic hydroxyl (3400-3500) besides a carbonyl group at 1650 
cm-1. IrMts UV spectra (Table-1),I Bm-2 gave a bathochromic shift with 
NaOAc and AlCl, in band II pointing the presence of free hydroxyl group at 
5 and 7-positions, while the absence of any shift in band-I with NaOMe 
indicated the absence of a free hydroxyl group at 4' position. 
On complete hydrolysis with 5% aq. HC1, it gave an aglycone and a 
sugar. The sugar was identified as arabinose by its m.p., Co-PC (BAW, 4 : 
1 : 5; BEW, 60 : 16.5 : 25.8 ) and GJLC with the standard sample, whereas, 
the aglycone was identified as tamarixetin by comparing its spectal data with 
those of an authentic sample of tamarixetin6. The UV spectra of the aglycone 
was almost similar with that of glycoside except that it showed a bathochromic 
shift with A1C13 in band-I (absent in glycoside). This indicated the absence of 
a free hydroxyl group at C-3 position of the aglycone. 
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The 'H-NMR spectrum (Table-2, fig-1) of the glycoside Bm-2 
showed a singlet integrating for three protons at 5 3.9 assigned to 
aromatic methoxyl. A pair of meta-coupled doublet of one proton each 
at 8.6.4 (d, J = 2.24 Hz) and 6.2 (J = 2.2 Hz) were attributed to H-6 & 
H-8 respectively. An ortho-coupled doublet at 8 7.0 (J = 8.79 Hz) and 
a meta-coupled doublet at 8 7.5 (J = 1. 8 Hz) integrating for one proton 
each were assigned to H-5' and H-2' protons. The remaining double 
doublet of one proton at 8 7.9 (dd, J, = 8.79 & J2 = 1.8 Hz) was ascribed 
to H-6' proton. The absence of any signal for C-3 proton of the aglycone 
indicated that C-3 position is substitued. The anomeric proton H-l" 
appeared as a doublet (J = 8 Hz) at 8 5.23.The coupling constant 
indicated 3-configuration. The other sugar protons appeared in the 
range of 8 3 .10-5.51. 
The above assigned structure was further supported by the mass 
spectrum (Fig I I , Scheme I). The molecular ion peak as expected was 
not observed. The fragment ion at m/z 316 corresponded to aglycone 
which was further supported by the fragment ion m/z 152 [A,]4, 151 
[BJ and 148[BJ resulted by the retero-Diels Alder cleavage of the 
aglycone, thereby indicating the presence of two hydroxyl groups in A-
ring and one hydroxyl & one methoxyl in B-ring. 
On the basis of the above spectral and chemical evidences, the 
compound Bm-2 was characterised as tamarixetin-3-0-arabinoside 
(II) which is being probably reported for the first time. 
HO .. 
( I D 
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/ \ \ — O M e 
)H O 
( I I I ) 
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TABLE-1 
UV spectral data of Bm-2 with shift reagents 
Reagents X nm. 
MeOH 
NaOMe 
A1C1, 
A1C1/HC1 
NaOAc 
NaOAc/H,BO, 
230. 256.5. 265. 353 
235.5. 273.5. 397.5 
226. 269.5. 295.5 (sh). 404.4 
225. 268. 294 (sh). 402 
233. 275.5. 377 (sh). 388.55 
228. 273. 378 (sh). 387.5 
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TABLE-2 
'H-NMR spectral data of Bm-2 
Assignments No. of protons Signals 
H-6 
H-2' 
H-_ 
H-6 
H-8 
H-l" (Anomeric proton 
7.9(dd,J,=8.79&J ;=1.8Hz) 
7.5 (d, J = 1.83 Hz) 
7.0 (d, J = 8.79) 
1 6.4 (d, J = 2.24 Hz) 
1 6.2 (d, J = 2.2 Hz) 
1 5.23 (d, J=8 Hz) 
of arabinose) 
H-l".2",3".4",5" 6 3.10 - 5.51 (m) 
(Sugar protons) 
Methoxyl 3 3.9 (s) 
s = singlet, d = doublet, m = multiplet. spectrum runiDMSO-d6 at 400 and 100 MHz. 
TMSi as internal standard (5 - scale). 
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Bm-3 : 
The compound Bm-3 was crystallised from methanol-acetone as 
yellow needles. Elemantal analysis agreed to the molecular formula C27H32013. 
It responded to Shinoda's Test and gave a brownish green colour with FeCl3. 
The UV spectrum (Table-3) showed absorption maxima at 280 nm (band II) 
with a shoulder at 317 nm. The IR spectrum revealed the precence of phenolic 
OH (3455 cm-1), a-p-unstaturated ketone C=0 (1680 cm-1) and a complex 
aromatic substitution at 1500, 1370, 1210, 1160, 810 cm-1 besides a strong 
band at 2955 cm-1. Colour reactions and UV spectral studies with diagonostic 
shift reagents7 indicated that Bm-3 was a flavanone glycoside bearing 
hydroxyl groups at 5,4' positions. The flavanone nature of Bm-3 was further 
confirmed by the presence of a double doublet (J,= 6Hz, J2 = 10 Hz) near 8 
5.28 for C-2 proton and a multiplet near 8 2.89 for C-3 proton of a flavanone 
system. 
Total acid hydrolysis of the glycoside with Killiani's reagent yeilded 
two moles of rhamnose and an aglycone, which gave a bathochromic shift of 
30 nm in band II with NaOAc (absent in the glycoside), thus suggesting that 
the sugar is linked to 7-position of the aglycone. The aglycone on neutral 
permangnate oxidation gave p-hydroxy benzoic acid m.p. 212°C and that 
completely methylated aglycone, anisic acid, m.p. 182°C, thereby fixing the 
position of hydroxyl group at 4'-position in theB-ring. Bathochromic shift of 
22 nm and 30 nm with fused A1C13-HC1 and fused NaOAc respectively 
indicated the presence of a 5,7-dihydroxyl grouping. This is further supported 
by the fact that the aglycone but not the glycoside gave a positive colour test 
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specific for 5,7-dihydroxyl system with Vanillin/HCl reagent*. On acetylation 
the aglycone gave triacetate derivative (Vc) m.p. 126-27°C corresponding to 
molecular formula C2)H)gOg which was found to be identical with an authentic 
sample of 5,7, 4'-triacetoxy naringenin9. 
The aglycone (Va) was thus characterised as naringeninJm.p. 258-
60°C and corresponding to molecular formula C15H]205. 
Acetylation of Bm-3 with Ac20/pyridine gave a hepta-acetate (IVb), 
rap. 81-83°C. The 'H-NMR spectrum (Table-4) of the acetylated glycoside 
indicated it to be rhamnosyl (l->4) rhamnoside as it showed five aliphatic 
acetoxyls integrating for fifteen portons at 8 1.83-2.19 and two aromatic 
acetoxyls integrating for six protons at 8 2.26 - 2.42. A multiplet centered 
at 8 2.89 is assigned to C-3 methylene protons and a double doublet at 8 5.28 
(J,, = 6 Hz & J.,= 10 Hz) identified the C-2 proton. The 5.7-disubstitution on 
ring A was indicated by two meta-coupled doublets at 8 6.35 and 8 7.28 
(J = 2.5 Hz, each) for C-6 and C-8 protons. 
'H-NMR spectrum also showed A2 B2 pattern of B-ring as it exhibited 
two ortho coupled doublets at 8 7.15 and 8 7.31 (J = 9.0 Hz, each) assigned 
to C-3',5' and C-2', 6' protons respectively. The anomeric protons at 8 4.41 
and 8 4.87 (J = 1.2 Hz, each) were assigned to H-l '" rhamnose and H-l" 
rhamnose (both in a-configuration) respectively. The two rhamnosyl methyl 
appeared as characteristic doublets at 8 1.23 and 8 1.09 (J = 6.0 Hz, each) 
. The remaining sugar protons were observed in the range of 8 3.56-5.15 as 
expected. 
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The mass spectrum of the acetylated glycoside (IVb) was in agreement 
with the assigned structure of the glycoside. It showed the presence of an 
acetylated deoxyhexopyranoside, m/z 273. The aglycone fragment was also 
observed at m/z 121. A retero-Diels-Alder fragmentation pattern was observed 
at m/z 153, 120 and 107 leading to the fragments [A+ H]+, [Bl]+ and [B2]\ 
The result supported the presence of two hydroxyl groups in ring A and one 
hydroxyl group in ring-B. A fragment characteristic of flavanone at m/z 179 
corresponded to the loss of ring-B from the aglycone fragement. 
Methylation of Bm-3 with Hakomoris method10 followed by hydrolysis 
with Killani's reagent gave a partial methylated aglycone, which gave a 
bathochromic shift of 28 nm in band II with NaOAc, confirming that C-7 
hydroxyl which was glycosylated in |Bm-3 |has become free. The formation 
of this partial methyl ether further proved that the sugars are linked at 
position-7. The partial methyl ether was identified as 7-OH, 5,4'-dimethoxy 
flavanone, (V b) m.p. 137-38°C, by comparison of spectral data with 
authentic sample". The methylated sugars were identified as 2,3,4-tri-O-
methyl-L-rhamnose and 2.3-di-O-methyl-L-rhamnose'2 by SiO. TLC 
according to Petek'\ 
Enzymatic hydrolysis with a-pectinase liberates two moles of L-
rhamnose finally indicating a-nature of the inter sugar linkage and sugar-
aglycone linkage. Quantitative estimation of the sugars by Nelson method 
with Somogyi's modification1415 showed the presence of two moles of sugars 
permole of aglycone. 
I l l 
This compound is characterised as naringenin-7-O-a-L-rhamnosyl (l->4) 
rhamnoside (IV). 
a ) R=H 
b) R=Ac 
(V) 
a ) R 1 = R 2 = R 3 = H 
b) R 1 = R 2 - C H 3 , R 3 = H 
c ) R ^ R 2 ^ ^ 
1L2 
TABLE-3 
UV spectral data of Bm-3 with shift reagents 
Reagents 
280. 
250. 
303. 
305. 
282. 
315 . 
A. nm 
max. 
3 1 7 sh 
315 
320 sh 
321 sh 
3 16 sh 
.325 sh 
MeOH 
NaOMe 
A1C1, 
A1CI/HC1 
NaOAc 
NaOAc/H^BO, 
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TABLE-4 
'H-NMR snectral data of Bm-3Ac 
Assignments No. of protons Signals 
H-2', 6' 
H-3', 5' 
H-8 
H-6 
H-2 
H -3. H - 3 
a n 
H-l",rhamnose 
H-l'", rhamnose 
5 -Aliphatic acetoxyls 15 
7.3 (d, J=9.0 Hz) 
7.15 (d. J = 9.0 Hz) 
7.28 (d. J = 2.5 Hz) 
6 .35(d.J=2.5Hz) 
5.28(ddJ1=6Hz,J :=10Hz) 
2.89 (m) 
4.87 (d. J = 1.2 Hz) 
4.41 (d, J = 1.2 Hz) 
1.83 -2 .19(m) 
2-Aromatic acetoxyls 
Sugar protons 
Rhamnosvl- CH 
Rhamnosyl - CH^ 
2.26 - 2.42 (s) 
3 .56- 5.15 (m) 
1.23 (d, J = 6.0 Hz) 
1.09 (d, J = 6.0 Hz) 
s = singlet, d = doublet, m = multiplet, dd = double double t , spectrum runfcDC 
at 270 MHz, TMSi as internal standard (5 - scale). 
# • 
EXPERIMENTAL 
^ J 
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Extraction of the leaves of Bridelia monoica 
(Euphorbiaceae) 
The leaves of Bridelia monoica (2 Kg) were procured from Bihar 
(India). The dried and powdered leaves were exhaustively extracted with 
petroleum ether followed by benzene to remove chlorophyll and resinous 
matter. The petrol and benzene exhausted leaves were then refluxed with 
methanol till the extract was almost colourless. The combined methanol 
extract was concentrated first at atmospheric pressure and then under reduced 
pressure over steam bath. A dark green gummy mass was obtained which 
responded to usual colour tests for flavonoids. The gummy mass was 
subjected to coloumn chromatography over silica gel coloumn. The coloumn 
was first eluted with benzene. The benzene eluate afforded a pure compound 
labelled as Bm-1. 
Further elution of the coloumn with ethylacetate-acetone (9:1-1:9) 
yeilded a light yellow solid. The solid on TLC examination on silica gel 
plates in the following solvent systems : 
(i) Toluene : Ethyl formate : Formic acid (TEF, 5 : 4 : 1 ) . 
(ii) Benzene : Pyridine : Formic acid (BPF, 36 : 9 : 5) 
(iii) Ethylacetate : Ethyl methyl ketone : Acetic acid : Water (EtOAc: 
EtMeCO : AcOH : H.O. 5 : 3 : 1 : 1 ) 
(iv) Ethylacetate : Methanol : Water (EtOAc : MeOH : H20, 8 : 1 : 1) was 
found to be a mixture of at least two flavonoids. 
In the solvent system EtOAc : MeOH : H20 (8 : 1 : 1), the mixture 
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Separation of the flavonoidic mixture by preparative thin layer 
chromatography (PTLC) 
Using a thin layer spreader (Desaga, Heidelberg), glass plates (40 x 20 
cm) were coated with a well stirred suspension of silica gel with alcohol 
(EtOH) to give a layer of appoximately 0.5 mm in thickness. After drying at 
room temperature the plates were activated at 110-20°C for 1 hour. The 
methanolic solution of the flavonoidic mixture was applied on plates with the 
help of a mechanical applicator (Desaga, Heidelberg, 2 cm from the lower 
edge of the plates). The plates were developed with EtOAc : MeOH : H 0 (8 
: 1 : 1) as solvent system. The position of the bands were marked under UV 
light. The marked pigment zones were scraped with the help of a nickel 
spatuala and eluted separately in soxhlets with methanol. Homogeneity of the 
pigments was again checked by TLC using different solvent systems. The 
compounds thus obtained were labelled as Bm-2 and Bm-3 respectively. 
Bm-1: 
Repeated crystallisation from chloroform-petroleum ether afforded 
white needles m.p. 138°C, 100 mg. 
Analysed for C10 H]0 04 
Calcd : C, 61.85; H, 5.15% 
Observed : C, 61.79; H, 5.12% 
Spectral data -'"" 
0 
.-
 M e t H 
UV, A, nm : 265, 340 
max. 
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KBr 
I R
 U m a x cm": 
1720, 1500, 1435 
•H-NMR (100 MHZ, CPC13) on § scale : 
3.97 (6H, 5. 2 x OCH3), 8.13 (4H. s. Ar-H) 
Mass m/z (rel. intensity) : 
194 (M)^ , 163 (M+- OCH,). 179 (NT - CHJ. 164 (M+-2 x CH3), 135 (M+-
COOCH,), 76 (M+ - 2 x COOCH J. 
Bm-2 : 
Bm-2 was crystallised from methanol chloroform as light yellow 
crystals. 
Yield 200 mg, m.p. 204-5°C 
Analysed for C2]U1(lOu 
Calcd : C, 56.25; H. 4.46% 
Found : C, 56.10; H. 4.36% 
Spectral data : 
UV with shift reagents. X nm : 
ma \ 
MeOH 230. 256.5. 265, 353 
NaOMe 235.5. 273.5. 397.5 
A 1 C 13 226. 269.5. 295.5 (sh), 404.4 
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AlCl/HCl 225. 268. 294 (sh). 402 
NaOAc 235. 275.5. 377 (sh). 388.5 
NaOAc/H^BO, 228. 273. 378 (sh). 387.5 
KBr 
IR \ ) cm ' : 
^ max 
3400-3500 (OH). 1650 (C=0) 
'H-NMR (400 MHz, DMSO-d) on 5 scale : 
3.9 (3H. s. - OCH,), 3.10-5 51 (6H. m. sugar protons). 5.23 (1H, d. J=8 Hz. 
anomeric proton of arabinose). 6.2 (1H. d. .1 = 2.2 Hz. H-8). 6.4 (1 H. d. J=2.24 
Hz, H-6). 7.0 (1H. d, J=8.79 Hz, H-5'). 7.5 (1H. d. J = 1.83 Hz. H-2'). 7.9 (1H. 
dd, J,=8.79 & J2 = 1.8 Hz. H-6'). 
Mass m/z (rel. intensity) : 
M* absent. 316 [M+ - sugar moiety] (aglycone) (29.2). RDA, 152 [A,]+ 
(20.6). 151 [B,]* (16.6) and 148 (BJ+ (23.2). 
Hydrolysis of Bm-2 : 
An alcoholic solution of Bm-2 (80 mg) was refluxed with 5% aq. HC1 
on a water bath for 2 hours. The hydrolysate was diluted with water and 
extracted with ethylacetate The ethylacetate extract was concentrated to 
dryness and the solid left behind was crystallised from methanol-CHClr 
labelled as Bm-2ag, m.p. 260°C (25 mg). 
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Analysed for C 1 6H p0 7 
Calcd : C. 60.75; H. 3.79% 
Found : C. 60.72; H, 3.75% 
UV data with shift reagents. A, n m 
nia x 
MeOH 233. 258.2. 268, 365 
NaOMe 240. 271.6. 400.2 
A1C1, 235. 270.5. 298, 429.3 
AlCl/HCl 239. 269.5. 300. 427.5 
NaOAc 238. 280.2. 381.4, 390.2 
NaOAc/H,BO, 234. 278. 379. 388 
Identification of sugar ; 
The aqueous hydrolysate. was concentrated to a syrup and 
chromatographed on Whatman No. 1 filter sheet, in the descending mode 
alongwith standarad samples of sugars. The chromatograms were run in n-
BuOH-AcOH-H20 (4:1:5) and n-BuOH- EtOH - H20 (60 : 16.5 : 25.8) 
separately for 24 hours. The chromatograms were dried and sprayed with 
aniline phthalate and p-anisidine phosphate solutions respectively. The 
chromatograms on drying at 100-105°C for 30 minutes revealed the presence 
of arabinose only [Rf = 0.17. n-BuOH-AcOH- H.O and 0.21. n-BuOH-
EtOH-H20]. It was further identified by its m.p. 160°C. [a]D in H20 ; + 
105°C. 
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GZ.C of Trimethylsilyl ether of sugar : 
The TMSi ether of sugar was prepared by taking 20 mg of sugar in 
pyridine (0.5ml) and hexamethyldisilazane (0.2ml) in a round bottom flask. 
Trimethylchlorosilane (0.2ml) was added to this mixture. The flask was 
stopperd and allowed to stand at room temperature for one hour. The solution 
was then dried and taken in heptane. The heptane soluble TMSi ether 
derivative of sugar was then subjected to GlLC (2%OV-l , coloum temperature 
150-250", 10 min, dect. temp. 300°, N2, 50ml/min) along with the silyl 
derivative of standard sugar. The observed Rt. value was found to be in 
agreement with that of authentic sample of arabinose. 
Quantitative analysis of the sugar : 
The anhydrous glycoside (60 mg) was hydrolysed by heating it over a 
water bath for two hours with 2% H2S04. After keeping it overnight, the 
aglycone was filtered, washed, dried and weighed (29 mg). The ratio of the 
aglycone to the glycoside (1:2) Indicated the presence of one mole of sugar 
per mole of the aglycone. 
Bm-3 : 
Bm-3 was crystallised from methanol acetone as yellow needles. 
Yeild 200 mg. 
Analysed for C27H,2013 
Calcd : C,57.44; H,5.67% 
Found : C, 57.46; H,5.68% 
]20 
Spectral data : 
11V with shift reagents. A- nm 
ma x 
MeOH 
NaOMe 
A1C1, 
AlCl/HCl 
NaOAc 
NaOAc/H,BO, 
KBr 
IR \J cm ' : 
^ max 
280. 
250, 
303. 
305. 
282. 
315. 
317sh 
315 
320sh 
321sh 
316sh 
325sh 
3455 (OH). 2955, 1680 (C=0). 1500. 1370. 1210. 1160. 810 (complex 
aromatic pattern). 
Acetylation of Bm-3 : 
Acetic anhydride (3ml) was added to the pyridine (1.5ml) solution of 
Bm-3 (20mg). The mixture was heated over a water both for 3 hours and then 
left overnight at room temperature. The mixture was poured over crushed ice. 
The light brown solid separated, was filtered and washed with water The 
solid was dried and crystallised from ethylacetate as white shining needles 
m.p. 81-83C. 
Analysed for C4]H3<;O20 
Cacld: C. 58.08; H, 4.13% 
Observed: C. 58.15: H. 4.20% 
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Spectral data : 7^ 
'H-NMR (270MHz, CDCl3)-<Higgea4e ; 
£ 1.09 (3H,d, J=6.0 Hz, CH3-rham.) 1.23 (3H, d, J= 6.0Hz, CH3-rham), 
1.83-2.19 (15H, m, 5-aliphatic acetoxyls), 2.26-2.42 (6H, s, 2-aromatic 
acetoxyls), 2.89 (2H, m, Ha-3, Hb-3), 3.56-5.15 (10H, m, sugar protons), 
4.41 (IH, d, J=1.2 Hz, H-l, rham), 4.87 (lH,d,J=1.2Hz, H-l", rham), 5.28 
(1H, dd, J, = 6Hz, & J2 = 10 Hz, H-2>, 6.35 (IH, d, J=2.5 Hz, H-6), 7.15 (2H, 
d, J = 9.0 Hz, H-3',5*), 7.28 (IH, d, J=2.:>Hz, H-8), 7.35 (2H, d, J=9.0 Hz, 
H-2',6*). 
Mass m/z (rel. intensity) : 
[M]t absent, 272 (aglycone fragment) (20.5), 153 [A+H]+(25.1), 120 
[BJt (28.3). 121 [B2]t (30.6), 273 [(rham AcJ+ (45.3), 179 [Aglycone-B-
ring]+ (32.6). 
Acid hydrolysis of Bm-3 : 
The glycoside Bm-3 (50mg) was hydrolysed by heating wth 10% aq. 
HC1 on a water bath for 2 hours. The mixture was left overnight and the 
aglycone separated was filtered, washed well with water and dried. The 
crude product on crystallisation form methanol gave light yellow needles. It 
showed no depression in m.p. on admixture with an authentic sample of 
naringenin, m.p. 258-60°c 
Analysed for C15H1205 
Calcd : C, 66.17; H, 4.41% 
Found : C, 66.25; H, 4.43% 
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UV data with shift reagents,, A, nm : 
ma x 
MeOH 
NaOMe 
A1C1, 
A1CL/HC1 
NaOAc 
NaOAc/H,BO, 
288, 326sh 
245, 332 sh 
312, 384 
311, 381 
283sh, 318, 324 
289, 331 
Acetylation of aglycone : 
The aglycone (10 mg) was heated with pyridine (0.5ml) and acetic 
anhydride (1ml) on a water bath for 2 hours. After usual work up and 
crystallisations from ethanol gave cream coloured needles. 
Yield 5 mg, m.p. 126-27°C. 
Analysed for C2]H]gOg 
Calcd: C, 63.31; H, 4.52% 
Found: C, 63.34; H, 4.53% 
Identification of the sugar : 
The glycoside (50mg) in the Killani's reagent (HCl-AcOH-H20, 
10:35.5:55%) (5ml) was refluxed for 2 hours. 10 ml of water was then added 
and the mixture was extracted with EtOAc. The aqueous layer was neutralised 
with BaCOv The neutral aqueous hydrolysate was silylated with 
trimethylchlorosilane and hexamethyl disilane in pyridine and subjected to 
G i c (2% OV-I, coloumn temperature 150-250, 10 min, dect, temp. 300°C, 
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N2, 50ml/min) along with silyl derivatives of standard sugars (Rf 3.9, 3.8 for 
rhamnose). 
Methylation of Bm-3 followed by hydrolysis : 
NaH (250 mg) was stirred with DMSO (15 ml) at 80°C for 30 minutes 
under N2 gas. To this reagent, solution of the glycoside (50 mg) in DMSO (10 
ml) was added and the reaction mixture was stirred for 1 hour at room 
temperature under N2 gas(Mel/(5 ml) was added and the reaction mixture was 
further stirred for 4 hrs. at room temperature. The mixture was poured into 
ice water and extracted with EtOAc. The ethyl acetate extract was evaporated 
to dryness under reduced pressure. An oily product was obtained, which was 
purified by TLC using C6H6- Me2CO (4:11 as the developing solvent to afford 
permethylated glycoside (28 mg). This on hydrolysis with Killiani's mixture 
(HCl-AcOH-H20, J-0 : 35 J :£#) gave partial methyl ether, characterised as 
5,4'-dimethyl naringenin, m.p. 137-38°C. The methylated sugars were 
identified as 2, 3, 4-tri-O-methyl-L-rhamnose, (a) )D+ 26, + 22 (H20) and 
2,3-di-O-methylrhamnose, (<x)D + 47.6, + 42.5 (H20). 
Enzymatic hydrolysis of Bm-3 : 
The glycoside (50 mg) in H20 (10 ml) was incubated with a-pectinase 
(containing a-rhamnosidase) at 18°C. The solvent was evaporated in Vacuo 
and the residue treated with methanol. The methanol soluble portion was 
subjected to coloumn chromatography over Sephadex L-20. The coloumn 
was eluted first with 60% aq. MeOH to afford a partial glycoside labelled as 
Bm-3ag, followed by water to yield sugar. The sugar was identified as L-
12 4 
rhamnose by paper chromatography 
Quantitative estimation of sugar : 
The anhydrous glycoside (80 mg) was hydrolysed by refluxing for two 
hrs. with 2% H2S04. After keeping overnight, the aglycone was filtered, 
washed, dried and weighed (26.7). The ratio of the aglycone to the glycoside 
(1:3) indicated the presence of two moles of sugar per mole of the aglycone 
fa ^ 
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CHAPTER-V 
VIBURNUM GRANDIFOLIUM 
^ >» 
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Chemical constituents from the leaves of Viburnum 
grandifolium (Caprifoliaceae) 
Viburnum is a diverse and adaptable genus of deciduous, evergreen 
shrubs or rarely small trees, distributed chiefly in the North temperate zone, 
extending as far as north as Alaska, Labrador and as far south as Central and 
South America and Java, being most abundent in Java, Korea,China and Japan. 
About seventeen species are found in India.u. 
The plants of the genus Viburnum are reputed for their considerable 
medicinal values such as an anti-oxidantlb, anti-bacterial2, astringent, sedative 
and emmenagogue drug3 About seventeen species have been tested for their 
toxicity4. The medicinal importance and scanty of work on this plant increased 
our interest to carrry out the comprehensive investigations of the plant. The 
present discussion deals with the isolation and characterisation of the following 
compounds from the leaves of Viburnum grandifolium 
(i) Isorhamnetin 
(i) Rhamnetin 
(iii) Quercetin 
(iv) Quercetin-3-O-rhamnoside 
(v) Apigenin-7-O-neohesperidoside 
The leaves of Viburnum grandifolium were collected from Kashmir 
They were air dried and powdered. The powdered leaves were thoroughly 
extracted with petrol and benzene respectively and finally with methanol. The 
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petrol and benzene extracts on concentration gave oily mass of fatty nature and 
were not further examined 
The methanol extract on concentration over a hot water bath under 
reduced pressure gave a brown gummy mass. TLC examination of the gummy 
mass in different solvent systems, viz. Toluene : Ethyl formate : Formic acid, 
( 5 : 4 : 1), Benzene : Pyridine : Formic acid (36 : 9 : 5), Ethyl acetate : Ethyl 
methyl ketone : Acetic acid : Water (5:3:1:1) showed it to be a mixture of at 
least eight compounds, out of which five were the major components. Attemps 
were made to separate the mixture into individual compounds by coloumn 
chromatography using silica gel as the adsorbent Repeated column 
chromatography using the solvents of increasing polarity in different ratios 
failed to separate the intrinsic mixture into individual components However, 
the benzene-ethylacetate eluate (9:1-1:1) was found to contain only three 
compounds, while ethyl acetate-methanol eluate (9:1 - 7:3) showed the presence 
of two major compounds only. Hence a recourse of PTLC over silica gel plates 
was taken to separate the five components into individual members. The three 
major components of benzene-ethyl acetate eluate were separated into individual 
members using toluene : ethyl formate : formic acid (5:4:1) as the solvent 
system and were marked as Vg-1, Vg-2 and Vg-3. The two compounds of ethyl 
acetate - methanol extract were resolved into individual members using ethyl 
acetate, ethyl methyl ketone : acetic acid: water (5 : 3 : 1 : 1) as the solvent 
system and labelled as Vg-4 and Vg-5. 
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Vg-1 : 
The fraction Vg-1 after repeated crystallisation from chloroform-
methanol gave yellow shining needles, m.p. 305°C. It was found to be a flavonol 
as it gave a pink colouration on reduction with Mg/HCl5 and a bright yellow 
colouration with Wilson-boric acid reagent0. The methanolic solution of the 
aglycone was not oxidised by pentaamine cobalttrichloride7 indicating the 
absence of two or more adjacent phenolic hydroxyl groups. Micro Ziesel 
determination showed the presence of only one methoxyl group. Methylation 
of the aglycone with dimethyl sulphate yeilded the compound that melted at 
15!-2°C and showed no depression in melting point on admixing with an 
authentic sample of pentamethyl ether of quercetin. The above observation 
showed that the aglycone was a mono methylether of quercetin. A comparision 
of the melting point of the aglycone and its acetate with those of known mono-
methyl ethers of querce t in and their acetates sugges ted it to be as 
Isorhamnetin (I). 
OH 
CH3 O O 
( I ) 
Further, confirmation of its indentity as isorhamnetin was furnished by 
ferric reaction, Rf value, co-chromatography and spectral evidences8" 
12 9 
Vg-2: 
It was crystallised as pale yellow crystals from chloroform-methanol 
m p. 2950C.^4ijwis found to be a flavonol as it gave usual colouration with 
specific reagents Micro Ziesel determination showed the presence of only one 
methoxyl group. Methylation of the aglycone with dimethyl sulphate yielded 
pentamethyl ether of quercetin. A positive test with pentaAmine cobalftrichloride 
indicated the absence of the methoxyl group in ring-B The possibility of the 
methoxyl group at C-5 was ruled out as it did not show flourscence in AC209. A 
comparison of the melting points of the aglycone and its acetate with those of 
authentic sample of rhamnetin ,0,b suggested it to be rhamnetin (II), further 
confirmed by the comparison of its spectral data with those of authentic 
sample8b 
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Vg-3: 
The compound Vg-3 was crystallised from chloroform-methanol as 
yellow shining crystals m p 311-12°C It was identified as quercetin by co-
chromatography with an authentic sample It showed no depression in melting 
point on admixture with an authentic sample of quercetin It gave an acetate, 
m.p. 194-95°C and penta methylether 151-52°C, its identity as quercetin was 
further confirmed by comparing its spectral data with those of authentic sample 
of quercetin8c 
The 'B-NMR spectrum of its acetate Vg-3Ac (III b) showed the signals 
due to five acetoxyl groups at 5 2.35-2 38. The meta-coupled doublets at 5 6.79 
and 7 21 (J=2.5 Hz) were assigned to C- 6 & C- 8 protons of A-nng respectively. 
The B-ring protons showed the ABX pattern, two doublets at 5 7.73 (J=2.5 Hz) 
for H-2' & 7.27 (J=9 Hz) for H-5' and a quartet at 8 7.67 (J, = 2.5 Hz, J2 = 9 Hz) 
for H-6\ 
In the light of the above results, the compound Vg-3 was assigned the 
structure as 5, 7, 3, 3', 4'-penta hydroxy flavone (quercetin) (III), supported by 
the mass spectrum which showed molecular ion peak at m/z 302. 
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V g - 4 : 
Vg-4 was cyrstallised from methanol-chloroform as yellow grannular 
cystals m.p. 190°C. Elemental analysis agreed with the molecular formular 
C21H20O]r The glycosidic nature of Vg-4 was evidenced by positive Molish 
test. It gave positive test with magnesium and hydrochloric acid and sodium 
amalgam followed by acidification indicating its flavanone or flavonol nature 
(with C-3 blocked)11. The possibility of its being a flavanone glycoside was 
ruled out as it gave yellow colour with Wilson-boric acid reagent6. The 
chromatographic spot on paper appeared as deep purple under UV light and 
turned yellow on fuming with ammonia, indicated that C-3 position is substituted. 
Hydrolysis with 6% aq. HC1 yielded a sugar and an aglycone. The 
aglycone was characterised as Querectin (Va) by m.p., its Rf value, UV and 
•HNMR spectral data as described earlier and also by comparison with 
authentic sample. The sugar was identified as rhamnose by Rf. value, co-
chromatography. 
The 'HNMR spectrum of the acetate of the glycoside (IVb) showed ABX 
pattern due to B-nng, doublets at 8 7.35 (J=9 Hz) and at 8 7.76 (J= 2 5 Hz) and 
a quartet at 8 7.78 (J=9 Hz & 2.5 Hz) integrating for one proton each assigned 
to H-5', 2' and H-6' respectively. The A-ring protons signals appeared as meta-
coupled doublets at 8 6.79 (J=2.5 Hz) and 7.01 (J=2.5 Hz) integrating for one 
proton each were ascribed to C-6 and C-8 protons respectively. The 'H-NMR 
spectrum showed three aliphatic acetoxyls at 8 1.90 (3H, s, OAc), 2.01 (6 H, s, 
2 x OAc) and four aroamtic acetoxyls at 8 2.31 (3H, s, OAc), 2.34 (6 H, s, 2 x 
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OAc) and 2.44 (3 H, s, OAc) and a rhamnosyl methyl at 6 0 89 (d, J=6 Hz) The 
anomeric proton appeared at 8 5 60 with a coupling constant of 2 Hz (due to 
equitonal coupling of H-2) showed a-linkage of rhamnose to the aglycone 
The glycoside on methylation with dimethyl sulphate followed by 
hyrdolysis gave a straw coloured solid which on crystallisation from ethanol 
separated into straw coloured needles, m p 193-94°C. It was chracterised as 3-
hydroxy-3\4',5,7-tetramethoxy flavone as it showed no depression in the 
melting point on admixture with an authentic sample of 3-hydroxy-3',4',5,7-
tetramethoxy flavone In U V spectrum it showed a bathochromic shift of 64 nm 
in band-I with AICl,. The above experiment, colour test and spectral data 
established the attachment of rhamnose in 3-position of the aglycone. 
The quantitative estimation of the sugar by Somogyi's micro copper 
method12 showed the presence of 1 mole of rhamnose per mole of the aglycone 
Vg-4 was therefore, characterised as quercetin- 3-0-rhamnoside'1 
(IV) 
a ) R=H 
b ) R=Ac 
a) R^Rj , R 3 , R 4 , R 5 = H 
b) Ri '*2»R 4 .R 5 .=CH 3 ,n 3 =H 
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VU-5: 
Vg-5 was crystallised from methanol-chlorofom as yellow grannular 
crystals m.p. 197°C. The positive Shinoda's test14 and Molish test, indicated it 
to be a flavone glycoside. UV spectral data and absorption shift with diagnostic 
reagents8d 15 (A1C13, NaOMe) indicated the presence of free hydroxyls at 5 and 
4'-positions. 
On hydrolysis with 6% aq. HC1, it gave an aglycone m.p. 345-46°C. The 
alygcone was indentified as apigenin by comparing its melting point and 
spectral data with those of an authentic sample. The sugars were identified by 
co-paper chromatography and G^C of alditol acetate as rhamnose and glucose. 
UV spectral data of the aglycone and the glycoside were almost similar. 
Partial hydrolysis of Vg-5 with 1% H2S04 (1 hour) yielded a partial 
glycoside (VII) and rhamnose indicating rhamnose as terminal sugar. Partial 
glycoside on further hydrolysis (acidic & enzymatic) afforded apigenin and 
glucose (identified by co-chromatography). 
The methylation of the glycoside Vg-5 followed by hydrolysis gave an 
aglycone characterised as 4\5-dimethoxy-7-hdroxy flavone (VHIb) by spectral 
studies. 
Acetylation of the glycoside (Via) with acetic anhydride and pyridine 
afforded an acetate (VIb) m.p. 216°C : 'H-NMR spectrum indicated it to be an 
octa acetate derivative as it showed the presence of eight acetoxyl groups (2 
aromatic and 6 aliphatic) integrating for 24 protons at 5 1.79-2.50. Ring-A 
protons showed two independent meta-coupled doublets at 8 6.66 and 6 6.78 
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(J=2.5 Hz each) assigned to 6 and 8 protons respectively. The B-ring protons 
showed a pair of ortho-coupled doublets at 6 7.19 and 7.85 (J=9 Hz each) 
attributed to 3',5' and 2',6' protons respectively. A sharp one proton singlet at 
5 6.51 is ascribed to C-3 proton of y-pyrone nucleus. A doublet at 8 1.20 (J=6 
Hz) was assigned to rhamnosyl methyl. The sugar protons appeared in the range 
of 8 3 81-4.46 and 8 4.66-5.60, while the anomeric protons of glucose (H-l") 
and rhamnose (H-l"') appeared at 8 5.30 (d, J=9.5 Hz ,H-1", glu) and at 8 4.90 
(d, J=2 Hz, H-l'", rham), the coupling constant of glucose and rhamnose 
supporting the (3-linkage of glucose and a-linkage for rhamnose. 
Quantitative estimation of sugars12 and penodate oxidation16 of the 
glycoside further confirmed that the carbohydrate moiety is disacchande and 
both the sugars are in the pyranose form. Hydrolysis of the permethylated 
glycoside (Vic) yielded 3,4,6-tri-O-methyl-D-glucose and 2,3,4-tri-O-methyl 
L-rhamnose confirming intersugar linkage as neohesperidoside (l->2) A 
doublet at 8 1 20 in 'HNMR spectrum due to the rhamnosyl methyl proton and 
the integration of the region 8 3 81-4.46 and 4.66-5 60 gave further evidence 
for l-»2 intersugar linkage17 Hydrolysis of Vg-5 with diastase liberated free 
rhamnose, further supporting its a-nature. After partial hydrolysis of the 
glycoside with diastase, it was hydrolysed with almond emulsion, glucose being 
observed in the hydrolysate showed its (3-nature. 
On the basis of the above facts, Vg-5 was assigned as apigenin 7-0-
neohesperidoside18 (Via) 
:O-^--TA RO OR I 
OR (VI) 
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(a)R=H 
(b)R = Ac 
(c)R=Me 
CH2OH 
HO-VA-^"" \ 
HO' OH 
( V I I ) 
a)R = R] = H 
b) R = CH R = H 
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Extraction of the leaves of Viburnum grandiflolium (Caprifoliaceae) 
Fresh leaves of \L_ grandifolium procured from Kashmir were dried 
under shade, powedered and exhaustively extracted successively with petroleum 
ether and benzene to remove chlorophyll and waxy matter. The defatted leaves 
were refluxed exhaustively with methanol. The MeOH extract was concentrated 
first at atmospheric pressure and then under reduced pressure over a water bath. 
A brown gummy mass was obtained, which responded to usual colour tests for 
flavonoids. TLC examination of the concentrate in the following solvent 
systems showed the complexity of the flavonoidic mixture: 
1 Toluene : Ethylformate : Formic acid (TEF, 5:4:1). 
2. Benzene : Pyridine : Formic acid (BPF, 36:9:5). 
3. Ethylacetate : Ethyl methyl ketone : Acetic acid : water (EtOH : EtMeCO 
: AcOH : H20, 5:3:1:1). 
The preliminary separation of the extract was made by column 
chromatography over silica gel. Elution of the column with benzene-ethylacetate 
(9:1-1:1) afforded a mixture of three compounds with marked differences in 
their Rf. values The resolution of the mixture into individual compounds was 
then made by PTLC using TEF (5:4:1) as the solvent sytem The compounds 
thus obtained were labelled as Vg-1, Vg-2 and Vg-3 respectively. 
Further elution of the column with ethylacetate-methanol (9:1-7:3) 
yielded the fractions which revealed the presence of two more compounds on 
TLC (EtOAc-EtMeCO-AcOH-H20, 5:3:1.1). These were separated into V g ^ * 
individual compounds)(Vg-4 & Vg-5|by PTLC using the same solvent system. 
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Vg-1 : 
Vg-l was obtained in the form of yellow shining needles after repeated 
crystallisation from chloroform-methanol. 
Yield lOOmg. m.p. 305°C. 
Analysed for C ] 6H p0 7 
Calcd : C. 60.75; H. 3.79% 
Observed : C, 60.55; H. 3.81% 
Spectral data : 
UV with shift reagents. X nm : 
max. 
MeOH 271. 303 sh. 325. 375 
NaOMe 279. 327. 434 
AlCh 265. 303. 369 sh. 430 
AlCyHCl 269. 302 sh. 358. 426 
NaOAc 275. 324. 391 
NaOAc/H,BO, 272. 327 sh. 382 
'H-NMR (60 MHz, CDCU on 5 scale : 
3.68 (3 H. s. -OCH,). 6.45 ( lH ,d . J-2.5 Hz. H-6). 6.52 (1H, d. J=2.5 Hz. 
H- 8). 6.93 (IH. d. J=9 Hz. H-5'), 7.62 (1 H. dd. J, = 9Hz, J2= 2.5 Hz, H-6'), 7.86 
(IH. d. J=9 Hz. H-2'). 
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Acetylation of Vg-1 : 
Anhydrous aglycone (30 mg), pyridine (1 ml) and acetic anydride (2 ml) 
were heated on a water bath at 85-95°C for about three 3 hours. The reaction 
mixture was poured over crushed ice. The precipitate was filtered, washed and 
dried. On crystallisation from ethyl acetate it gave colourless needles, m.p. 
202-4°C. 
Methylation of Vg-1 : 
A solution of Vg-1 (30 mg) in dry acetone (20 ml) was treated under 
refiux with dimethyl sulphate (1 ml) and fused potassium carbonate (0.5 g) for 
20 hrs. It was filtered and the residue washed with hot acetone. On evaporation 
of the solvent, the residue was treated with petrol in order to remove the excess 
of dimethyl sulphate. The light yellow solid so obtained was crystallised from 
methanol as yellow needles, m.p. 15 1 -52°C. 
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Vg-2: 
It was crystallised from chloroform-methanol as pale yellow crystals. 
Yield 80 mg, m.p. 295°C. 
Analysed for C | 6H ] 20 7 
Calcd : C, 60.75; H. 3.79% 
Observed : C, 60.65; H. 3.75% 
Spectral data : 
UV with shift reagents, X nm : 
max. 
MeOH 258. 270 sh. 290 sh. 374 
NaOMe 243, 284. 333. 43 1 
A1C1, 275, 303 sh. 329 sh, 449 
A1C1,/HC1 270, 298 sh. 364 sh. 425 
NaOAc 257. 291 sh. 384. 420 
NaOAc/H,BO, 262. 387 
'H-NMR (60 MHz, CDClj) on 5 scale : 
3.79 (3 H , s , -OMe),6.41 (1 H. d. J=2.5 Hz. H-6), 6.49 (1H, d, J=2.5 Hz. 
H-8). 6 .89(1H. d ,J=9Hz,H-5 ' ) . 7 . 5 8 ( l H . d d . J, = 9Hz, J2=2.5Hz,H-6*), 7.88 
(1H. d. J=9 Hz. H-2'). 
Acetvlation of Ve-2 ; 
A mixture of Vg-2 (25 mg), pyridine (1 ml) and acetic anhydride (3 ml) 
was heated on water bath for about 2 hours. On usual work up and crystallisation 
from ethyl acetate, it gave colourless needles , m.p. 190-92°C. 
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Methylation of Vg-2 : 
A solution of Vg-2 (25 mg) in dry acetone (20 ml) was methylated by 
treating under reflux with (CH,)2 S04 (1 ml) and sintered K2CO, (0.5g) for about 
20 hrs. After usual workup, the solid obtained was crystallised from methanol 
as light yellow shining crystals, m.p. 1 50-52°C. 
V g - 3 : 
Repeated crystallisation from chrloroform methanol gave shining crystals 
of Vg-3. 
Yield 100 mg, m.p. 311-12°C. 
Analysed for CI5H]0O7 
Calcd : C, 59.62; H, 3.31% 
Observed : C, 59.70, H, 3.33% 
UV data with shift reagents, X nm : 
MeOH 
NaOMe 
A1C1, 
A1C1,/HC1 
NaOAc 
NaOAc/H,BO, 
Acetylation of V R - 3 : 
max. 
258,272 sh, 300 sh, 371 
248 sh, 321 
273, 304 sh, 335, 457 
264, 358, 429 
258 sh, 275, 390 
263, 301, 389 
Vg-3 (20 mg) was heated with pyridine (1ml) and acetic anhydride (2 ml) 
on water bath for about 2 hrs. On usual work up followed by crystallisation with 
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ethyl acetate, it gave cream coloured crystals of Vg-3Ac. 
Yield lOmg, m.p. 194-95°C. 
•H-NMR (60 MHz, CDCI3) on 5 scale : 
2.38 (3H, s, 1 x OAc), 2.35 (12H, m, 4 x OAc), 6.79 (1H. d. J=2.5 Hz, H-
6), 7.21 (1H, d, J= 2.5 Hz, H-8) 7.27 (1H, d, J= 9 Hz, H-5"), 7.67 (q. J, = 2.5 Hz. 
J2 - 9Hz. H-6'). 7.73 (1H, d. J = 2.5 Hz, H-2'). 
Methylation of Vg-3 : 
The aglycone (25 mg) in dry acetone (36 ml) was refluxed with (CH,), 
S0 4 (1ml) and sintered K2CO, (0.5 g) for 20 hrs. It was filtered and the residue 
washed several t imes with boiling acetone. After work up as described earlier, 
the solid obtained was crystallised from methanol-ethyl acetate as colourless 
needles, m.p. 151-52°C. 
V g - 4 : 
Vg-4 was crystallised from methanol-chloroform as yellow grannular 
crystals. Yield 300 mg, m.p. 190°C. 
Analysed for C2]H20O„ 
Calcd : C. 56.25; H, 4.46% 
Observed : C, 56.15; H. 4.40% 
UV data with shift reagents. X nm : 
max. 
M e 0 H
 255, 265. 299 sh, 358 
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A1C1, 281 , 302 sh, 336. 432 
A1C1/HC1 : 2 7 5 . 3 1 0 , 3 5 8 
NaOAc 278, 313 sh, 373 
NaOAc/H,BO, 260, 301 sh, 368 
Acetvlation of Vg-4: 
Vg-4 (30 mg) was heated with pyridine (2 ml) and Ac 2 0 (4 ml) on a water 
bath for 3 hrs. After usual work up, it gave white crystals, yield 1 5 mg. m.p 
144-5°C. 
Analysed for C3 5HM01 8 
Calcd : C. 56.60; H. 4.50% 
Observed : C. 56.75; H, 4.45% 
iH-NMR (90 MHz, CDCl^ on 5 scale : 
0.89 (3H, d, J=6 Hz. rham, - C H J , 1.90-2.01 (9H, s. 3-aliphalic acetoxyls). 
2.31-244 (12 H, s, 4-aromatic acetoxyls), 3.26-3.46 (1 H. m. H-5"), 4.89-5.34 
(3H. m. H-2". 3". 4"). 5.60 (1 H. d. J=2 Hz, H-l"), 6.79 (1 H. d. J=2.5 Hz. H-6). 
7.01 (1 H. d, J=2.5 Hz. H-8). 7.35 (1H, d, J=9 Hz, H-5'). 7.76 (1 H. d, J=2 5 Hz. 
H-2'), 7.78 (1H. q, J=9 Hz & 2 . 5 Hz. H-6'). 
Methylation of V2-4 : 
The glycoside (30 mg) in dry acetone (30 ml) was refluxed with (CH ), 
S0 4 (1 ml) and sintered potassium carbonate (0.5 g) for 30 hrs. After usual work 
up, followed by crystallisation from ethanol, it afforded straw coloured 
needles, m.p. 193-94°C. 
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Acid hydrolysis of Vg-4 : 
The glycoside Vg-4 (70 mg) was hydrolysed by heating with 6% aq. HC1 
on a water both. The heating was continued for 2 hrs to ensure complete 
hydrolysis. The mixture was left overnight. The aglycone which settled down 
was filtered, washed with water and dried. It was crystallised from methanol-
chloroform in the form of yellow crystals. 
Yield 40 mg.m.p . 313-15°C. 
Acetylation of the aglycone : 
The aglycone (30 mg) was acetylated with Ac 20/Pyndine. The product 
was crystallised from CHCl^-MeOH as colourless needless. 
Yield 20mg. m.p. 195-97°C. 
Identification of sugar : 
The neutral hydrolysate was concentrated and chromatographed on 
Whatman No.l filter paper using the solvent system n-butanol-acetic acid-
water (4:1:5,v/v7v), employing the descending teacnique. Authentic sugars 
were used as checks. The chromatogram was run for 24 hrs. and after drying 
at room temperature was sprayed with aniline phthalate solution. The 
chromatogram on drying at 100-5° for 10 min. revealed the presence of 
rhamnose only (Rf 0.36), further confirmed by its m.p. 184-85°, (a) + 47 .6 
(Me2CO). 
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Location of the sugar position in the glycoside 
(Hakomoris method) 
NaH (250 mg) was stirred with DMSO (15 ml) at 80°C for 30 minutes 
under N, gas. To this reagent, solution of the glycoside Vg-4 (30 mg) in DMSO 
(10 ml) was added and the reaction mixture was stirred for 1 hr. at room 
temperature under N2 gas. CH3I ( 1 5 ml) was added and the reaction mixture was 
further stirred for 4 hrs. at room temperature. The mixture was poured on to ice 
water and extracted with ethyl acetate, washed with water and dried. An oily 
product was obtained. It was purified by TLC using C (H (-Me2CO (4:1) as the 
developing solvent to afford the permethylated glycoside (20 mg). The 
methylated product on hydrolysis with Killiani's mixture (HOAc-HCl-H,0. 
7:3:10) gave a par t ia l ly methyla ted sugar and q u e r c e t i n - 5 , 7 3 \ 4 ' 
tetramethylether, m p 193-94°C. 
Analysed for C |4H ] ( )07. 
Calcd: C, 63.50: H. 5.29% 
Observed : 63.70; H. 5.10% 
UV data with shift reagents, X nm : 
max. 
MeOH 255, 363 
A1C13 261 , 425 
A1C1,/HC1 260, 420 
NaOAc 252, 365 
NaOAc/H,BO, 255, 362 
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The partially methylated sugar was identified as 2,3>4-tri-0-methyl-
rhamnose by TLC ((si^gel; toluene-MeOH, 4:1) by comparison of Rf-values 
with authentic sample. 
Estimation of sugar ; 
The anhydrous glycoside (35 mg) was hydrolysed by refluxing with 2% 
H2S04 for 2 hrs. After cooling over night, the aglycone was dried and weighed. 
The ratio of the aglycone to the glycoside was found to be (1:2) indicating the 
presence of 1 mole of sugar per mole of the aglycone 
Vg-5: 
Vg-5 was isolated from ethyl acetate-methanol mixture (7:3) as yellow 
amorphous powder. On crystallisation from methanol-chloroform it gave 
yellow grannular crystals 
Yield 250 mg, m.p. 197°C. 
Analysed for C27H310]4 
Calcd : C, 55.95; H, 5.35 
Observed : C, 55.75; H, 5 50% 
v Spectral data : 
UV with shift reagents, 1. nm : 
max. 
MeOH 269, 333 
N a O M e
 : 241 sh, 269, 301 sh, 384 
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A1C1, : 283, 344, 391 
AlCl/HCl 286,341,390 
NaOAc 270, 389 
NaOAc/H,BO, 269, 335 
KBr 
3400, 1650 
Acetylation of Vg-5 : 
Vg-5 (30 mg) was acetylated by dissolving it in pyridine (2 ml) and 
adding Ac20(4ml). The reaction mixture was heated on a water bath for about 
3 hrs. After usual work up, cream coloured crystals were obtained. 
Yield 15mgm.p. 216°C. 
Analysed for C43H47022 
Calcd : C, 56.39; H, 5.13% 
Observed : C, 56.19, H, 5.26% 
'H-NMR (90 MHz, CDCL,) on 8 scale ; 
1.20 (3H, d, J=6 Hz, rham, -CH3), 1.79-2.50 (24H, m, 8 x OAc), 3.81-
4.46 (5H, m, H-2",5\6",5"'), 4.66-5.60 (7H, m, H-r,3",4M , H-1'", 2'", 3m, 4"'), 
6.51 (IH, s, H-3), 6.66 (1 H, d, J=2 5 Hz, H-6), 6.78 (1 H, d, J=2.5 Hz, H-8), 7.19 
(2H, d, J=9 Hz, H-3',5'), 7.85 (2H, d, J=9Hz, H-2',6'). 
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Hydrolysis of Vg-5 : 
An alcoholic solution of Vg-5 (30 mg) was heated with 6% aq. HC1 on a 
water both. Heating was continued for 3 hrs. to ensure complete hydrolysis. 
The yellow solid separated from aq. hydrolysate was filtered and crystallised 
from methanol as bright yellow crystals. 
Yield lOmg, m.p. 345-46°C. 
Analysed for CigH19Or 
Calcd : C, 66.17; H, 3.67% 
Observed : C, 66.60, H, 3.78% 
UV with shift reagents, X nm : 
max. 
MeOH 367, 295 sh, 339 
NaOMe 276,318,390 
A1C13 279,301,381 
A1C13/HC1 277, 298, 380 
NaOAc 275, 300, 383 
NaOAc/H,BO, 270, 304 sh, 348 
Acetylation of the aglycone (Vg-5 ag) : 
Vg-5 ag (10 mg) was acetylated with pyridine (2 ml) and acetic anhydride 
(3 ml) . After usual work up, it was crystallised from chloroform-methanol as 
colourless needles. Yield 6 mg, m.p. 186-87°C. 
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'H-NMR (90 MHz. CDCI3) values on 5 scale ; 
2.32 (6H, s, OAc-4',7), 2.45 (3H, s, OAc-5), 6.58 (1H, s, H-3), 6.82 (1H, d, 
J=2.5 Hz, H-6), 7.21 (1H, d, J=2.5 Hz, H-8), 7.28 (2H, d, 9Hz, H-3'5'), 7.81 
(2H, d, J=9Hz, H-2'6'). 
Identification of sugars ; 
The filtrate was neutralised and the neutral hydrolysate was examined by 
paper chromatography employing n-BuOH-AcOH-H20, (BAW, 4:1.5) and n-
BuOH- H20-EtOH (60.28.5:16.5) as developing solvents and using authentic 
sugars as checks The chromatograms after developing were sprayed with 
aniline hydrogen phthalate and dried at 100-110°C for 5 minutes. The sugars 
were identified as glucose (Rf value 0.18) and rhamnose (Rf = 0 36) by 
comparison with authentic sugars (Rf. co-paper chromatography) 
Partial hydrolysis : 
The glycoside (50 mg) was hydrolysed by heating it with 1% H2S04. 
Aliquots were taken at different intervals and examined by paper chromatography 
(BAW, 4:1:5). After one hour, it afforded a partial glycosidic compound 
labelled as Vg-5 pg, and a sugar identified as rhamnose. The partial glycoside 
was crystallised from methanol as yellow needles. Yield 30 mg, m.p. 176°C 
Acid hydrolysis of partial glycoside Vg-5 pg : 
Vg-5 pg (15 mg) was dissolved in 6% HC1 and heated for 2 hrs. over a 
water bath. . The solid separated was filtered, washed well with water and dried. 
On crystallisation with methanol, it gave yellow needles of Vg-5 ag. 
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Yield 8 mg, m.p 345-6°C. 
The filtrate was neutralised and concentrated to a syrup. Paper 
chromatographic examination of the syrup by the method described earlier 
revealed the presence of glucose. 
Enzymatic hydrolysis of Vg-S pg (Partial glycoside) : 
Vg-5 pg (10 mg) was hydrolysed with emulsion, prepared from almond at 
30-40°C for 70 hrs. Liberation of glucose in the hydrolysate was confirmed by 
paper chromatography. 
Permethylation and Hydrolysis of Vg-5 (Hakomoris method) : 
Vg-5 (50 mg) was permethylated by Hakomoris method as described 
earlier. The methylated product on hydrolysis with aq. HCl-CH,COOH gave 
apigenin-4', 5-dimethyl ether, 3, 4, 6-tri-O-methyl-D-glucose (Rf. 0 45) and 2, 3, 
4, tri-O-methyl-L-rhamnose (Rf, 0 076) (TLC si-gel, toluene-methanol, 4:1) 
G£C of TMSi ether derivatives of sugars of Vg-5 : 
The TMSi ether of sugar was obtained by taking 15 mg of sugar in dry 
pyridine (0 5 ml) and hexamethyldisilazane (0.2 ml) in a 10 ml round bottom 
flask To this solution 0.2 ml of tnmethyl chlorosilane was added and the flask 
was stoppered and allowed to stand at room temperature for 45 minutes. The 
solution was then dried and taken in heptane. The heptane soluble TMSi ether 
derivatives of sugar were then subjected to G^C (2% Ov-1, Column temp. 150-
250, 10 min dect. temp. 300, N2, 50 ml/min) alongwith silyl derivatives of 
standard sguars. The observed Rt. values were in agreement with those of an 
authentic sample of glucose (Rt = 1.0) and rhamnose (Rt = 0.21). 
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Estimation of sugars; 
Estimation of sugars was done by the method described earlier The ratio 
of aglycone to glycoside was ( 1 : 3 ) indicating the presence of two moles of 
sugars per mole of aglycone 
Periodate Oxidation : 
The glycoside methyl ether (15 mg) was dissolved in MeOH (10 ml) and 
aq. NaI04 (0.47 N, 15 ml) was added to it. The mixture was allowed to stand at 
20°C in dark for 24 hrs. Solid NaHCO, (2 gm) was then added followed by the 
addition of NaHSO, (0.05N, 25 ml). The resultant mixture was titrated against 
I2 using starch as indicator. One mole of methyl ether consumed 3.14 mole of 
periodate with liberation of 1.12 mole of formic acid. 
ir \ 
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CHAPTER-VI 
SAUSSUREA SACRA 
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153 
Chemical constituents from the flowers of Saussurea sacra 
(compositae) 
The genus Saussurea consists of annual, biennial or perinial herbs 
distributed in the temperate region of Asia, Europe and North America About 
47 species are reported in India1', out of which nine are found in Kashmirlb, only 
few of these have so far been chemically analysed2. Saussurea sacra locally 
known as "Jogiraj or Jogipathsha" is extensively used as a medicinal herb in 
unani medicine3 for a number of chronic ailments like stomach ulcers, piles, 
bronchites, cardiac disorders, nose bleeding, impotency, chronic skin diseases 
and rhematism etc. Earlier reports from this plant is the isolation of alkoloids 
saussurol, colchinine and terpenoids 1-cadinol , limonene, B-amyrinol4. 
The medicinal importance and scanty of work on this plant prompted us 
to undertake the comprehensive investigations of the flowers of Saussurea 
sacra The present discussion deals with the isolation and characterization of 
the following compounds 
1. p-Hydroxyacetophenone 
2. 3-Methoxykaempferol 
3. Acacetin-7-neohesperidoside 
Flowers of S. sacra collected from the Kashmir Valley were air dried and 
powdered. The powdered flowers were exhaustively extracted with ethanol. 
The ethanol extract was concentrated under reduced pressure and then extracted 
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successively with petrol, benzene, ethyl acetate and acetone. The petrol and 
benzene extracts were found to contain mainly chlorophyll and waxy matter. 
The ethyl acetate and acetone extracts responded positively to flavonoidic 
tests5 and showed similar behaviour on TLC examination in different solvent 
systems (Toluene : Ethyl formate : Formic acid. 5:4:1; Benzene: Pyridine : 
Formic acid, 36:9:5; Toluene: Pyridine: Acetic acid, 10:1:1; Ethyl acetate : 
Ethyl methyl ketone : Acetic acid : Water, 20:3:1:1). Hence, they were mixed 
together and chromatographed over Si-gel column. Elution of the column with 
benzene-ethylacetate (9:1 to 1:1) yielded two compounds Ss-1 and Ss-2 in 
different fractions. They were separated through repeated crystallisations 
while ethylacetate-acetone (9:1) eluate yielded a compound Ss-3 alongwith 
some impurities which were removed by preparative TLC (EtOAc:EtMeCO; 
AcOH: H,0, 20:3:1:1). 
o . I 5 5 
Ss-1 : 
It was crystallized with benzene-chloroform as white crystals, m.p. 107-
10°C. It gave positive test with alcoholic FeClv The 1R spectrum showed the 
bands at 1450 (C=C), 1650 (C=0) and 3400(OH),and UV spectrum gaveX^ 
at310nm. The "H-NMR spectrum (Table-1) exhibited a sharp singlet at 8 2.6 
integrating for three protons, assigned to CHV A pair of ortho-coupled doublets 
at 8 6.93 (J=9 Hz) and 8 7.91 (J=9 Hz) were ascribed to H-3. 5 and H-2,6 protons 
respectively. The mass spectrum showed a molecular ion peak at m/z 136. 
In the light of the above results the compound Ss-1 was assigned the 
structure as p-hydroxyacetophenone* (I). 
ll 
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%f (I) 
A/ OH 
Table-1 
'H-NMR spectral data of Ss-1 
Assignments No. of Protons 
3 
2 
2 
Signals 
2.6 (s) 
6.93(d, J=9Hz) 
7 91 (d, J=9Hz) 
CH3 
H-3,5 
H-2,6 
s singlet, d - doublet, spectrum run in CDC1, at 400 MHz, TMSi as internal 
standard, values are recorded on 8-scale. 
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Ss-2: 
Crystallized from methanol as yellow cystals m p 280-82°C It gave a 
greenish brown colour with FeCl, and responded positively for colour test of 
flavones (colour with sodium amalgam/Hg-HCl) Its IR spectrum showed the 
characteristic bands at 3350 (br, OH), 1650 (C=0) and 1485 (C=C). The UV 
spectrum with diagnostic reagents (Table-2) showed the presence of free 
hydroxyls at 5,7,4'-positions The 'H-NMR spectrum (Table-3) showed a 
singlet at 5 3.74, integrating for 3 protons, assigned to 3-OMe group. Two 
independent meta-coupled doublets at 8 6.57 (J=2 5 Hz) and 6.79 (J=2 5 Hz) 
were attributed to 6 and 8 protons of A-ring. A pair of ortho-coupled doublets 
at 8 6.93 (J=9 Hz) and 7.91 (J=9 Hz) were assigned to H-3',5' and H-2',6' 
protons of B-nng. The mass spectrum gave the molecular ion peak at m/z 300. 
The fragment ion at m/z 285 showed M* -Me. 
On the basis of above results, the compounds Ss-2 was characterized as 
3-methoxykaempferoI7 (5, 7,4'-tnhydroxy-3-methoxyflavonol) (II) 
( I I ) 
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Table-2 
UV spectral data of Ss-2 
Reagents A. nm 
MeOH 
NaOMe 
A1CI, 
AICI3/HCI 
NaOAc 
NaOAc/H3B03 
268,280, 350 
276, 393 
268, 298, 351, 390 
268, 299, 347, 389 
275, 394 
267, 348 
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Table-3 
'H-NMR spectral data of Ss-2 
Assignments No. of Protons Signals 
H-6 1 6.57 (d, J = 2.5 Hz) 
H-8 1 6.79 (d, J = 2.5 Hz) 
H-3',5' 2 6.93 (d, J = 9 Hz) 
H-2',6' 2 7,91 (d, J = 9 Hz) 
OMe 3 3.74 (s) 
s = singlet, d = doublet, spectrum run in DMSO-d6 at 400 MHz, TMSi as internal 
standard, values quoted on 8-scale. 
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Ss-3 : 
The compound Ss-3 was crystallized with methanol-ethylacetate as light 
yellow crystals m.p.266-68°C. The glycoside nature of Ss-3 was evidenced by 
the positive Molish test. It gave greenish brown colour with ferric chloride. The 
flavonoidic nucleus was evidenced by positive Shinoda Test5 and its UV spectrum 
which showed X at 269 and 325 nm. Analysis with diagnostic reagents83 gave, 
a bathochromic shift of 32 nm with AlCl^ indicating the presence of free 
hydroxyl group at 5 position. The possiblity of its being a flavanone glycoside 
was eliminated as it gave yellow colour with Wilson boric acid reagent9. 
Its infra-red spectrum displayed a carbonyl group at 1665 cm"! phenolic 
hydroxyl at 3410 cm-1 and a complex aromatic substitution pattern at 1500, 
1420, 1350, 1240, 1170, 800cm1. 
Total hydrolysis of Ss-3 with 6% HC1 yielded equimolar mixture of 
rhamnose and glucose and an aglycone. The aglycone was characterized as 
acacetin (Va) by spectral, m.mp and chromatographic comparison with an 
authentic sample10. The sugars were identified by G#C of TMSi ether derivative 
and co-chromatography with authentic samples 
The UV spectra of the aglycone and the glycoside were almost similar 
except that the aglycone gave a shift of 1 7 nm in band-U with NaOAc (absent in 
glycoside), thus suggesting that 7-position is involved in glycosylation. Partial 
hydrolysis of the glycoside ( I l i a ) with 1 % H,S04 and a-rhamnosidase yielded 
L-rhamnose (identified by PC, co-chromatography and GKC) and a partial 
glycoside (IV) indicating rhamnose to be the terminal sugar. Partial glycoside 
on hydrolysis with almond emulsion yielded D-glucose. Quantitative estimation 
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of the sugars by Somogyi's copper micro method" and periodate oxidation12 of 
the glycoside further confirmed that the sugar moiety is a disaccharride and 
both the sugars to be in pyranose form. 
The 'H-NMR spectrum of Ss-3 (Table-4) in DMSO-d6 showed the 
presence of seven aromatic protons. A sharp singlet indicated the presence of 
C-3 proton, y-pyrone ring. Two meta-coupled doublets at 8 6.75 (J=2.5Hz) and 
8 6.95 (J=2.5 Hz) integrating for one proton each were assigned to H-6 and H-
8 respecively. Two ortho-coupled doublets at 8 7.15 (J=9Hz) and 8 8.05 (J= 
9Hz) integrating for two protons each corresponded to H-3',5' and H-2', 6' 
protons respectively. A sharp three protons singlet at 8 3.85 was assigned to 
methoxyl group.A doublet at 8 1.07 (J=6 Hz) was ascribed to rhamnosyl 
methyl. The anomenc proton of rhamnose H-l"' (rham) appeared as doublet at 
8 4.54 (J=2 Hz) while the anomeric proton of glucose H-l" as a doublet was 
centered at 8 5.09 (J=l 1 Hz). The other sugar protons appeared in the range of 
8 3.15 - 5.21. 
Acetylation of Ss-3 with Ac20/pyndine gave a hepta acetate Ss-3 Ac (III 
b) m.p. 216-20°C. The 'H-NMR spectrum of the acetate (Table-5) exhibited 
multiplet at 8 1.60-2.02 integrating for eighteen protons were assigned to 
aliphatic acetoxyls while the solitary aromatic acetoxyl appeared as a singlet of 
three protons at 8 2.45. A singlet at 8 3.90 integrating for three protons was 
assigned to methoxyl group . It established A2B2 pattern of B-ring protons, 2',6' 
and 3', 5' protons appeared as ortho-coupled doublets (J= 9 Hz each) at 8 7.81 
and 7.09 respectively. The C-6 and C-8 protons of A-ring appeared as meta-
coupled doublets (J=2 5 Hz each) centered at 8 6.60 and 6.72. A singlet at 8 
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6.25 of one proton was assigned to H-3 proton The anomeric protons of 
rhamnose (H-lm) and glucose (H-l") were centered at 6 4.98 (d, J=2Hz) 
and 5.25 (J=l 1 Hz) respectively The coupling constant of anomeric protons 
rhamnose and glucose suggested a-L-rhamnose and (3-D-glucose. The 
signals over the range of 6 3.35-5.26 account for twelve protons of 
glucose and rhamnose residue The positions of anomeric protons of 
rhamnosyl, glucosyl moieties and that of rhamnosyl methyl8b and the 
absence of characteristic signal for 2"-0-acetyl13a at 8 1.70 suggested 
1 -> 2 inter sugar linkage (attachment of rhamnosyl residue at 2"-position 
of glucose, neohesperidoside). This was further confirmed by the 
identification of methylated sugars. Hydrolysis of the methylated 
glycoside (III C) with 0.2 NHC1 gave 2,3,4-tri-O-methyl rhamnose and 
3,4,6-tr i-O-methyl g lucose ( iden t i f ied by Si0 2 -TLC and paper 
chromatography according to Petek14) and partially methylated aglycone 
(Vb) which was characterized as 7-hydroxy-5,4'-dimethoxy flavone 
The above assigned structure was further supported by the mass 
spectrum (Scheme-1) of acetylated glycoside (III b). The molecular ion 
peak as expected was not observed. 1?b The presence of an acetylated 
deoxyhexopyranoside and a hexopyranoside were evidenced by the presence 
of fragment ions at m/z 273 & 289. The fragment ion at m/z 284 
corresponded to aglycone. The retro-Diels-Alder cleavage resulted in the 
formation of ions at m/z 1 52 due to A-ring and at m/z 1 32 and 135 due to 
B-ring 
On the basis of the above results, the compound Ss-3 was ass 
acacetin-7-O-neohesperidoside15 (III a) 
OR 
\ 
CH 
OCH-
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Table-4 
'H-NMR spectral data of Ss-3 
Assignments No. of Protons Signals 
CH, (rhamnose) 
OCH3 
H-l'" (rham) 
H-P(glu) 
Sugar protons 
H-1",H-2",H-3M, H-4",H-5", "I 
H-6", H-l'",H-2m, H-3"', | 
H-4'", H-5m 
H-3 
H-6 
Hz) 
H-8 
Hz) 
H-3',5' 
Hz) 
H-2',6' 
Hz) 
3 
3 
1 
1 
12 
1 
1 
1 
2 
2 
1.07 (d, J = 6 Hz) 
3.85 (s) 
4.54 (d, J=2Hz) 
5.09 (J=ll Hz) 
3.15-5.21 (m) 
6.45 (s) 
6.75 (d, J=2.5 
6.95 (d, J=2.5 
7.15 (d, J=9 
8.05 (d, J=9 
s = singlet, d = doublet, m = multiplet, spectrum run in DMSO-d6 at 400 MHz, 
TMSi as internal standard, chemical shifts are quoted on 8-scale. 
164 
Table-5 
'H-NMR spectral data of Ss-3Ac 
Assignments No. of Protons Signals 
CH3 
OCH3 
Aliphatic acetoxvls 
(6 x OAc) 
Aromatic acetoxyis 
(5-OAc) 
H-lm (rham) 
H-l"(glu) 
Sug.ar protons 
H-r;,H-2\H-3 , \H-4" - . 
H-5";H-6", H-l,n, H-2m, 1 
H-3m, H-4m, H-5m J 
Aromatic protons 
H-3 
H-6 
H-8 
H-3'-5' 
H-2\ 6' 
3 
3 
18 
3 
1 
1 
12 
1 
1 
1 
2 
2 
1.15 (d, J = 6Hz) 
3.90 (s) 
1.60-2.02 (m) 
2.45 (s) 
4.98 (d, J=2Hz) 
5.25 (d, J= l l Hz) 
3.35-5.26 (m) 
6.25 (s) 
6.60 (d= 2.5 Hz) 
6.72 (d = 2.5 Hz) 
7.09 (d = 9 Hz) 
7.81 (d = 9 Hz) 
s = singlet, d = doublet, m = multiplet, spectrum run at 200 MHz in CDCl , 
TMSi as internal standard , values are recorded on 5-scale. 
165 
Ac° OAc 
OCH. 
^.273 Rham(Ac)3 
& 
Mt^absent) 1 8 9 [ G l u ( A C 3)] 
OCH-
m/z 2 41 
V 1 
-f 
HO 
O 
m/z 152 
V 
HC = C 
m/z 132 
T 
- ^ ^ - O C H 3 0+= C H^VOCH^ 
m/z 135 
SCHEME-1 
f 
EXPERIMENTAL 
% = j 
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Extraction of the flowers of Saussurea sacra (Compositae) 
Dried and powdered flowers (3 kg), procured from the Kashmir valley, 
were exhasutively extracted by refluxing them with ethanol. The extract was 
concentrated first at atmospheric pressure and then under reduced pressure 
over a water bath. The dark viscous mass obtained was successively refluxed 
with petroleum ether, benzene, ethyl acetate and finally with acetone. The 
petrol and benzene extracts were found to contain mainly chlorophyll and waxy 
matter, hence, were not examined further. The ethyl acetate and acetone 
concentrates when examined on TLC plates in different solvent systems viz. 
Toluene . Ethyl formate : Formic acid (TEF, 5:4:1); Benzene : Pyridine : Formic 
acid (BPF, 36:9:5); Toluene : Pyridine : Acetic acid (TPA, 10:1:1); Ethyl 
acetate : Ethyl methyl ketone : Acetic acid : water (20:3:1:1) were found to 
contain the same compounds in varying concentrations. The above concentrates 
were, therefore, mixed together and subjected to column chromatography over 
silica gel. Elution of the column with benzene and benzene-ethyl acetate (9:1-
1:1) monitered by TLC using BPF (36:9:5) and TEF (5:4:1) as solvent systems 
afforded two compounds. These two compounds were labelled as Ss-1 and Ss-
2 respectively. 
Further elution of the column with EtO Ac-acetone (9:1) yielded another 
compound Ss-3, cotnaining some impurities. The compound Ss-3 was purified 
by preparative TLC using the solvent system (ETOAc:EtMeCO:AcOH:H20, 
20:3:1:1). 
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Ss-1 : 
Elution of the column with benzene-ethylacetate (9:1, v/v) gave the 
compound Ss-1. It was purified by repeated crystallisation with chloroform-
benzene as white crystals (50 mg), m.p. 1 07-110°C. It gave positive test with 
alcoholic FeClv 
Analysed for C 8 H 8 0 2 
Calcd : C, 70.58; H, 5.88% 
Observed : C. 67.00; H, 5.79% 
Spectral data ; 
MeOH 
UV X : 310nm 
m i l 
KBr 
IR U m a v c r a ' : *"' ax. 
3400 (OH), 1650 (C=0), 1450 (C=C) 
'H-NMR (400 MHz, CDCU on 5 scale : 
2.6 (3 H. s. CH3), 6.93 (2 H. d. J=9 Hz, H=3.5), 7.91 (2 H, d, J=9 Hz, H-2,6). 
Mass m/z (rel. intensity) : 
136 [M*] (37.7), 121 [IvT-CHJ (14.6), 108 [M+ - CO] (21.5), 93 [NT -
COCHJ (25). 
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Ss-2 : 
The compound Ss-2 was eluted from column with benzene : ethylacetate 
(1:1) mixure. Purification by repeated crystallisation from methanol gave light 
yellow crystals. It gave a greenish brown colour with alcoholic FeCl v 
Yield 65 mg, m.p. 280-82°C. 
Analysed for C ] 6 H ] 2 O f 
Calcd. : C, 64.00; H. 4.00%) 
Observed : C, 64.12; H. 3.94% 
Spectral data : 
UV with shift reagents , A. nm : 
M
 ' -—max 
MeOH 268, 280, 350 
NaOMe 276, 393 
A1C13 2 6 8 , 2 9 8 , 3 5 1 . 3 9 0 
A1C13/HC1 2 6 8 . 2 9 9 , 3 4 7 , 3 8 9 
NaOAc 275, 394 
NaOAc/H^B0 3 267, 348 
n K B r 
I R U m a x c m " 1 : 
3350 (br, OH), 1650 (C = 0). 1485 (C=C) 
'HNMR (400 MHz, CDCl:) on 5 scale : 
3.74 (3 H,s . 1 x O C H , ) . 6 .57(1 H, d, J = 2.5 Hz. H-6). 6.79 ( IH , d, J=2.5 
Hz, H-8), 6.93 (2H, d. J=9 Hz. H-3',5'), 7.91 (2 H. d. J = 9 Hz, H-2',6'). 
Mass m/z (rel. intensi ty) : 
300 [ ivr | (100) , 285 [M+ - C H J (52.8). RDA fragments 152 [A]+(24.3), 
148 [B]+(23.2), 121 [C]+ (19.5). 
169 
Ss-3 : 
Ss-3 was crystallised from methanol-ethyl acetate as yellow crystals. 
The compound gave positive Molish test. It gave greenish brown colour with 
FeCl and +ve Shinoda's test. Yield 250 mg. m.p.266-68°C. 
Analysed for C2 7H3 201 4 
Calcd. : C, 55.86; H, 5 .51% 
Observed : C. 55.75; H, 5 .61% 
Spectral data : 
UV with shift reagents A, nm : 
MeOH 269. 325 
NaOMe 245 sh, 289, 360 
A1C1, 2 7 8 , 3 0 1 , 3 4 4 . 3 8 4 
A1CK/HC1 279. 302. 340. 380 
NaOAc 269. 326 
NaOAc/H,BO, 270. 328 
KBr 
IR \ J max c m • 
3410 (OH). 1665 (C=0), 1500, 1420. 1350. 1240. 1170. 800 
'H-NMR f400 MHz, DMSO-dc) on 8 scale : 
1.07 (3 H, d, J = 6 Hz, CH,), 3.85 (3 H, s, OCH3), 4.54 (IH, d, J = 2 Hz, 
rham. H-l" ' ) , 5.09 (IH, d, J=l l Hz, glu H- l" ) , 3.15 - 5.21 (12 H, m, sugar 
protons H-l" , 2", 3", 4", 5", 6". H-l", 2"', 3 '" . 4 m , 5'"), 6.45 (1H, s, H-3), 6.75 (1 
H, d. J = 2.5 Hz, H-6), 6.95 (1 H, d, J=2.5 Hz, H-8), 7.15 (2 H, d, J=9 Hz, H-3', 
5'), 8.05 (2 H, d, J=9 Hz, H-2',61). 
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Hydrolysis of Ss-3 : 
The g lycos ide Ss -3 (30 mg) was dissolved in EtOH and acidified 
with 6% HC1. The m i x t u r e was refluxed over wa te r bath for 4 hrs . , and 
then left overnight at room temperature . The ag lycone sepera ted , was 
filtered, washed well with dist i l led water and dr ied . The rat io of the 
aglycone to the g lycos ide was found to be 4 0 . 5 % i n d i c a t i n g the presence 
of two moles of sugar per mole of algycone. The a lgycone was crystallised 
from ethyl ace ta te as l ight yel low crystals. Yield 10 mg, m.p. 260-61 . 
Analysed for C , 6 H p O ? 
Calcd : C, 67.60; H, 4.22% 
Observed : C. 67.59; H, 4.31% 
UV data with shift reagents A, nm ; 
m
 — l i m 
MeOH 268. 304 sh. 328 
NaOMe 277. 293 sh. 366 
A i d , 258 sh. 279. 292 sh. 3 0 1 , 344, 385 
A1C13/HC1 216 sh, 280. 295 sh. 303 , 339, 380 
NaOAc 277, 298 sh. 360 
NaOAc/H,B03 270. 310 sh. 333 
Identification of sugars : 
The acidic filtrate left after removing the aglycone, was extracted with 
ethyl acetate to ensure the complete removal of any residual aglycone. The 
filtrate was neutralised by concentrating it to a syrup in a vaccum dessicator 
over KOH pellets. The hydrolys ate was chromatographed on Whatman No. 1 
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paper using n-BuOH-AcOH H20 (5 4:1) and ethyl acetate pyridine : water 
(2:1:2) as developing solvents alongwith authentic sugars as checks. The 
chromatograms were then sprayed separately with aniline phthalate and p-
anisidine phosphate solutions and dried at 100-105° in an oven for 15 mins. 
Two coloured spots were developed on the chromatograms which showed the 
presence of two sugars. The Rf values of sugars were identical with those of 
rhamnosc (Rf 0.37) and glucose (Rf 0.18). 
G^C of TMSi ether of sugars of Sc-3 : 
The TMSi ether of sugars was obtained by taking 15 mg of sugar in dry 
pyridine (0.5 ml) and hexamethy disilazane (0.2 ml) in a 10 ml round bottom 
flask. To this solution 0.2 ml of tnmethyl chorosilane was added and the flask 
was stoppered and allowed to stand at room temperature for 45 minutes. The 
solution was then dried and taken in heptane. The heptane soluble TMSi ether 
derivatives of sugars were then subjected to Gl^t (2% OV-1, column temp. 150-
250°, 10 mm. dect. temp. 300°, N2, 50 ml/min) alongwith silyl derivatives of 
standard sugars (Rt. glucose 1.0 and rhamnose Rt = 0.21). The observed Rt. 
values were in agreement with those of an authentic sample of glucose and 
rhamnose 
Partial hydrolysis : 
Ss-3 (50 mg) was hydrolysed by heating it with 1 % H2S04. Aliquots were 
taken at different intervals and examined by paper chromatography (EPW,2:1:2). 
After one hour, it gave a partial glycoside labelled as Ss-3 pg and a sugar. The 
sugar was identified by usual method as rhamnose. 
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Enzymatic hydrolysis of Ss-3 : 
The glycoside (50 mg) in H20 (10ml) was incubated with a-pectinase 
(which contains a-rhamnosidase) at 18°C. The solvent was evaporated in Vacuo 
and the residue treated with methanol. The methanol soluble portion was 
subjected to column chromatography over Sephadex L-20. The column was 
eluted first with 60% aq. MeOH to afford a partial glycoside labelled as Ss-3 
pg, followed by water to yield a sugar. The sugar was identified as L-rhamnose 
by paper chromatography. 
Enzymatic hydrolysis of Ss-3 pg : 
The partial glycoside Ss-3 pg (1 0 mg) was treated with emulsion, prepared 
from almond, at 30-40°C. After for 80 hrs. liberation of D-glucose in the 
hydrolys ate was confirmed by paper chromatography by usual methods. 
Acetvlation of Ss-3 : 
Ss-3 (30 mg) was dissolved in pyridine (2 ml) and acetic anhydride (4 ml) 
was added. The reaction mixture was heated on a water bath for 4-5 hrs and then 
left overnight at room temperature. The reaction mixture was poured over 
crushed ice. The solid mass separated was filtered, washed with distilled water 
and dried. It was crystallised from ethyl acetate-petroleum ether as white 
crystals (15 mg), m.p. 216-20°C. 
Spectral data : 
'H-NMR (200 MHz, CDCI^ ) on 5 scale : 
1.15 (3 H, d, J = 6 Hz, CH,), 3.90 (3 H. s, OCH3), 1.60-2.02 (18 H, m, 6-
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aliphatic acetoxyls), 2.45 (3H, s, 5-aromatic acetoxyls), 4.98 (1H, d, J = 2 Hz, 
rham H-l'"), 5.25 (1 H, d, J = 11 Hz, glu H-l"), 3 35-5.26 (12 H, m, sugar 
protons H-r,2",3",4",5",6", H-l'", 2'", 3m , 4'" 5'"), 6.25 (1 H, s, H-3), 6.60 (1H, 
d, J = 2 5 Hz, H-6), 6.72 (1 H, d, J= 2.5 Hz, H-8), 7.09 (2 H, d, J = 9 Hz, H-3',5'), 
7.81 (2H, d, J = 9 Hz, H-2',6'). 
Mass m/z (rel. intensity) ; 
[M-] absent, 289 [glue (Ac)3 ] (33.2), 273, [rham (Ac)3] (32.5), 284 
[aglycone] (95.7) RDA fragments 152 [A]* (18.0), 132 [B,]+(36.1), 135 [BJ+ 
(5.3). 
Permethvlation of the glycoside followed bv hydrolysis : 
Freshly ether washed, powdered sodium hydride in DMF (1 ml) was 
added to the glycoside (80 mg) in DMF (1 ml). To this reaction 10-15 drops of 
CH?I were added. The flask was sealed and left overnight. Excess of CH3I was 
removed in Vacuo, and water was added. Permethylether formed as isolated by 
extraction with ether and purified by PTLC (Benzene : Acetone, 4:1). The 
permethylated glycoside on hydrolysis with 2 NHCl gave 2,3,4-tri-O-methyl 
rhamnose identified by TLC Si02, toluene : methanol, 4:1 and PC) and 
permethylated partial glycoside The permethylated partial glycoside on FeCl3 
(aq.) oxidation yielded 3,4,6-tri-O-methyl-D-glucose and partially methylated 
aglycone chracterised as 7-hydroxy-5j4 ,-dimethoxy flavone, identified (by 
TLCSi02). 
174 
Periodate oxidation of glycoside methyl ether : 
Glycoside methyl ether (15 mg) was dissolved in methanol (10 ml) and 
an aqueous solution of Nal04 (1 5 ml) was aded to it. The mixture was allowed 
to stand at 20°C for 24 hours Solid NaHCO^ (2 gm) was then added followed 
by addition of Na3As03 solution (25 ml). The mixture was titrated against iodine 
using starch as indicator. One mole of methyl ether consumed 3.14 mole of 
periodate. 
t 
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